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Abstract not available for JP11513787T 
Abstract of correspondent: W097 14049 

A GPS receiver in one embodiment includes an antenna which receives GPS signals at an RF frequency 
from in view satellites; a downconverter coupled to the antenna for reducing the RF frequency of the 
received GPS signals to an intermediate frequency (IF); a digitizer coupled to the downconverter and 
sampling the IF GPS signals at a predetermined rate to produce sampled IF GPS signals; a memory 
coupled to the digitizer storing the sampled IF GPS signals (a snapshot of GPS signals); and a digital 
signal processor (DSP) coupled to the memory and operating under stored instructions thereby 
performing Fast Fourier Transform (FFT) operations on the sampled IF GPS signals to provide 
pseudorange information. These operations typically also include preprocessing and postprocessing of 
the GPS signals. After a snapshot of data is taken, the receiver front end is powered down. The GPS 
receiver in one embodiment also includes other power management features and includes, in another 
embodiment the capability to correct for errors in its local oscillator which is used to sample the GPS 
signals. The calculation speed of pseudoranges, and sensitivity of operation, is enhanced by the 
transmission of the Doppler frequency shifts of in view satellites to the receiver from an external source, 
such as a basestation in one embodiment of the invention. 
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(54) Title: GPS RECEIVER AND METHOD FOR PROCESSING GPS SIGNALS 
(57) Abstract 

A GPS receiver in 
one embodiment includes an 
antenna which receives GPS 
signals at an RF frequency 
from in view satellites; a 
downconverter coupled to 
the antenna for reducing 
the RF frequency of the 
received GPS signals to 
an intermediate frequency 
(IF); a digitizer ..coupled 
to the downconverter and 
sampling the IF GPS 
signals at a predetermined 
rate to produce sampled 
IF GPS signals; a memory 
coupled to the digitizer 
storing the sampled IF GPS 
signals (a snapshot of GPS 
signals); and a digital signal 
processor (DSP) coupled to 
the memory and operating 
under stored instructions 
thereby performing Fast 
Fourier Transform (FFT) 
operations on the sampled 

JL^i^^ttoT^ operations typically also include preprocessing and postprocessing of the GPS signals. After a snapshot 
oTda^s Uken the receiver front end is powered down. The GPS receiver in one embodiment also mcludes other power management 
t*£L andTnc'ludesTn another embodinrent the capability to correct for errors in its local oscillator wh.ch >s used to sample the GPS 
siTalT The calculat ion speed of pseudoranges. and sensitivity of operation, is enhanced by the transmission , of the Doppler frequency 
shifts of Tview satemtes £lhe receiver from an external source, such as a basestation in one embod.ment of the invent.on. 



37 


Micro- 




EE PROM 


28 


26 


processor 









25 



I Mode 



Hifimeltft 



I/O 



- Conirolled Power Lir>es 2 1 
- Data and Signal Paths 



(Referred to in PCT Gazette No. 31/1997, Section II) 



(19) H#H#ffJT (JP) 02) & ^ ^ ^ (A) (lD^ffiH^**^ 

#^¥11-513787 

(43)^ B ^11^0999)11^240 

(5Dintci. 5 mmn f i 

G 0 1 S 5/14 G 0 1 S 5/14 



^ffl*aE»# # (^ 85 H) 



(2om«#^ 


!RHE¥9-515151 






(7DWKA 










(86) (22)tfJ«B 


¥/£8^(1996) 


10£ 


8 


B 




7 




95117-*'J7*;^T 


(85)«i?XffiaiB 


¥l£l0¥(1998) 


4£ 


9 


B 




m 




*■£ ■ 


A— 


~7l\—9 7Vx.— 




PCT/US 9 


6/ 


1 


6 16 1 




a. 


• 4040 






250 


(87)H»^W## 


WO 9 7/14 


0 4 


9 




(72) mwm 






- /- 


•T> • 17 


(87)SBR^BBB 


¥f£9^(1997) 


4£ 


17 


B 






94070 -*'j7*^-7 


(31)«$fe*fc£38#^ 


6 0/0 0 5, 


3 1 


8 








■ -y-> 






(32)«5feB 


1995f£10E 9 B 












• 117 








(33)«5fe»*3SH 


Mm (US) 








(74)f$3A 


#a± idiii 




(31)«5fetS±5S«^ 


0 8/6 1 2, 


5 8 


2 
















(32)ff5feB 


1996^3^ 8 B 




















(33)«$fe*fc£3BH 


*H (US) 











































(54) tsmo&m GPs§#«tGPsm^*iaa-r^*ft 



(57) [!?*«]] 

—2<Dmmi&m<DGP s&mmz. rfhs»«gps 
GPSf^tMsss (if) iciw*rr*fc», t> 

(Dm&-C I F©GPSg^>7"'J>^U +J->^'J 

s^-r if d-zs-jv >^fvr- 1 f©g 

PSi^ (GP Sg^<OXt , y7'y3 s> N) ^BEtST* 

TflMftU D->7"U>^LfcI F©GPSf^»TiSS3£:7 
-'Jx£« (FFT) «#£^fTLT^H«Bf*19?g£if 

*"r*5*-rf a'JHUJr/n-fesr-fr (DSP) fcfc^tf. 
cnsoatfm, a#. GPSM^©i«rMa43<fctf&#i 

fS*©5fcS8«*jg£*2>»r2n*. -oO^JBJgtBCDGP 




(2) 



1 1-513787 



i. c, p smmmTcfr-y-c, 

nmpwffim.fr e> r f mi^o gps m ^*sftf -r s r >-r ^ t , 
7>ftt*/i^^n, «l/cg p si^©R Fjiiii^^iiyjiit d f) 

Ii}!stCi ! i-&?n, I FOGP Si^gfa, P/r^O^T if©gp sfau- 
y^'LT, >^Lfc I FOG P S^U^^^Vv^-T 

s^^mc&irastt, ify/'jy^Lfc i fog p sfg^iB'ifr^.^^ 

DSP) t 

^{jfflX.£G P S^iio 
©GPS ^mt»o 

3. fjM^-^fffg^. G P SgfWWrttfe^f I© F7^7-'» 
#£?si^ 2 KlsBicO GPS SMfllo 

ZfG P S ^MiOSW^t^5ltiI^il©^j£1-|)iS<D K 7 
$R5r-g-t?i&&38 3 fcfE*© GPS 'Sff $L 

&fiMi l i-.MO G P S'^^o 

P 



(3) 



1 1 -5 1 3 7 8 7 



s mwM, 

8 . DSPfi\ K'V 7°^ - til &&{&m Its -9- Z/-f V y I FOGPS u 

^-£*EU ^li^^^^f^lWiitSi^lPst^,!/!^! 3 iztmcD G P 
S ^[fn^^o 

9. £6>lc. MM^fecfctfx-r s> * ^ ^(c^e^ m^j MNSS^^ . I 
8tcaHigOG P S^ilo 

2 tcssi^^ gps ^mm 0 

12. GPSSi«»tS^S"P$oT, 

RfT^tD^T 5 GPS <S ^^r-rV v> £ /Wt IT, > 7° U > ^ L /c G P S Im^t^, 

g p ssfiartwv^u >?g p sfs^TiiM^^Mij^^T-r^c: t 
££9, ^y^yy^G p sfi^M-r^x-r^ 7°^ 

>£iH 1 2 82180^0 

ttmx-&m>m 1 3 ictatto^iio 
1 6. mmmfr^jm-tf. mmvmm^mwx,, mmw-$tbtewmm*s& 



(4) 



1 1-5 1 3 7 8 7 



2 0 . J; tfi&i£ #\ GPS ^iit ioT M?&8 1 8 ilH ML 

2 1. GPSiW-F7^f hJb^^-TSM^l 1 2 fCiii^cD/j^o 

2 2. GPS fg^#»lM±©ffiSfr £f8£t-£f&£^ 1 2 lC|B«<D^o 

2 3. GPS fs^X- F h 5 5££*r S li^JS 1 KIEiS© GPS ^f@^ 



24. gps \mmm±.(Dmm.-h^ y f%^ 1 rasco gps gn« 



25. ^ts^ijfi^M (gps) ^WT^sg^r^-r^Turi-efeoT, 

)!)^©»aiiC>-^>X^£fG P Sfg^^f-T^X-x^T 9 ^, 
•r W S^*;!/ • Ts-T v -fis h 7 h • U GPS ff^^y 

-rV v-^;Ht^-7°n-fe^+7-rt-r\ *UWio l m^rzteMWL<DG P Sli.O/^y 
77'Jy^'GPS fi^MST § X ^ >y "7° ^ , 

victim? 3 £ 9 , ^7"7*o >y 10(/)PN7 A fc^Ll^ffifcTOffl£:>f / 

JUEffi^n >y * eT^lc, MUf© GPS fl&S©^{ttSt8c>'— ( P R S ) £ 



(5) 



1 1-513787 



mm^^-z^^u vt^m^c-hun^T, Mfr&frfrzcD&mm^yj 

^#7* N {Mtt-r-* • 7n-y 

^m^o p r s tc^js-rs g p smm^commm^m-rc tz^mttz 

XA^jgy- U x^«| ( F F T ) 0 . «^}A^(73|g^A s \ EESt?" P >y ^7 <D 

¥ft-fi$mm<omh prs cDmj^i^^oTOsaiturc^ii^^smbT^ 1 

XA^W i n o g r a d TVl/d 'U XAT^^ISaRJS 2 5 icfa«c<W&o 

tc^PhT^m^^ ra^-^ • -y ^ tm?u v wmjjrni fft^ 

Ztlc£<9 MjE £ n 3 M^JS 2 6 fc ifd^O^j fcfco 

if^ZTfV • r Y ^ * M 1 mOM* >y _ /TJ" $> m&m. 2 5 &c§a.1£<D7m- 0 

3 0. ^777U>yLfcGPs m-}(Dmmicm\]T ^\\mn.^^y Ji^^v 



(6) 



1 1 - 5 1 3 7 8 7 



Xi*2M garwal-Cooley 7/1/i'J X&'V&Z&lJ&R 2 5 {d.^cO// 
3 1. 7 {,] b ^ ffiffl *T 3 i83i##&# T ;l/ if u 

3 2 . My 77 'J >?Lfc GPS l^«i!tfj1]t§Mi^M7/l/nU 
X A fTOto&^sSAtl? 7 ;V df U XA T* & 5 ffi&m 2 5 fc ,iS.1^C»73 ri o 

33. seac, \£-?tfffifc(Dmm*mK%frE5mm?2>£tic£K), t° 

34. mm^>V(Dim%ifcfe?%±mmm^x-Ti± cgps) ^m^im 

l^fioi^S©G p ssima^iSKRrviJ-cG p si^iL, fEirrsx 

-y7t 

g p sffim<DttmT-$timznT^&mmmicmmM%^>vfrzm2> 

Xf77°t, 

h 5 >y + > rio 
3 5 . ^SkU^f f £ X t- >y 
^Ul*Jfc:^{lG PSi^it§7r77^, 

-t^V v ? ^;WS^7 P n-t>y-9-rc\ MWrtO 1 ffi&rclzm®L<DG P Sfl5M<0IE1SG 
P S^jHHt57f«y/i, 

ifd'litb/c^-^^, lintis^G p siii^rttttn^ WLi (pn) =2- 
7 uvzztic mutt % ~r y n >y ^ ± ^nt-i/ybt jjup: -r 



(7) 



*-$St¥ 1 1 - 5 1 3 7 8 7 



{£JIJU 

«7o <y * L^fcHtT tf- * & x-r <y If- * CDi\L\Btl& 
3 6. g^-r^U y^^/b^ 

®lISt+»0 G P SfgSO&ftlfUBcS'— (P R S) fc^#^=b-£Tffifig:7n 

3 7. >^L7cG P S{g^<D^ffltc{seffl^-SilIjgM^*T;I/dru 

XA^ISy-'Ji^ (FFT) T-fctK m.&jbfr<omh\ frM-JuytcDm 

3 6 BEic© h77^> ^7? r£o 

3 8. G P S^fg«^ffnJt^ri-K^#-r^3>b 0 ^-^ • rfWyUk 
»7SL^ (PN) 3-Km5G P Sff ^Wrt«A^S'it^I 1 
mtL<Dm~C GPS {M^ttV v^/WLLT, ^>7°U y^L/iGPS 



(8) 



VrM¥ 1 1 - 5 1 3 7 8 7 



3 9. GPS {^7^ 1 . 0 2 4MHz ©eiO'^TJ^V^J >^tlt, 

4 0 . Pftfc(Dm^ti\ 1 . 0 2 4MHz O^T'feSsf 1 fc:f5*Sc£> GPS 

4 1 . d s ptiWMm^sxwkmmmi^hmnir^tn^m 1 ^ia«oG ps§ 

mtc^-r^,=i>i<jg4 1 icmm<DG p s^f=$i 0 
43. mmmmttiK MrtiMt^F^^- ^^ho^iE^mi 

jfcJK 4 2 tCHdic^ GPS S'fg^o 

4 4 . M$aaJ*fW, I F<DG P Sf9^^^j v ^n^L^^T 

2^«cDG P S^S^o 

L£r;b-££ c <h ^CyfM^ 4 4 icjfEicO GPS ^{Mo 
4 6. IIfi(^^fg©¥7u^fi^^m>1<-CH4 5lcf2«<DG P S 

4 7. ia»1^>^cD{itffi^^T^^1SWSiKir.^X-f-A (GPS) tiM^ffl 
ildluL/cG P S H J- tc fcf L T vrM-\'l:^mm*Wtt^ r list Mi \ > MW. 

%r\fs>m%^>y-\H-e'Mi r u g p sm^^fflbT^M^fi^-r^x-T 1 



(9) 



1 1-513787 



4 8 . mi \W,m)u)fr £> <D & <DT* & £ ,1.1^ 4 7 fCftB$c<D7i 

5 o. ®Mwmmmmicmm-£tiz>m>&m4 i^mm^m* 

m 4 8 tfEIS«>^So 

5GPS gfia&ra*. 3f3;fcJg 4 9 icndtt^7^r£-o 

5 3 . mmmmmt z>k^v y°^\ z e> 
&m gps fg-^f^ t^evic rtstf-r ^xf'yy^ 

jfEHLfc-T*-*^ »WbWG P SM^rtfc^*nSiiiKai8c (PN) n- 
K07 U- AJM^MK:^ LV^-JIO^-T § 7 n -y * U^fiJlT § Xf -y 7°^ 

7n >y ^ cT£fc: N iiM-r^x— ^ ©^7Vu -y ^±^3 fc— U> h ictm&'t 
£lc£ ^(KSitSn- FTO^^f^h^blv^^^^^/iEffif 1 -^ 

!.ti7*n «y * cTfcfc:, If^7 -< U ^^I^frlt, r 1 -* • 7d >y * 



(10) UM¥ 1 1- 5 1 3 7 8 7 

mm I,. 

54. ^7y/^'j> ?mnt>\ 

IWG P SiI©imSt'>-^>X (P R S) fc^#£-fcH*TffiSS:/n 
5 5. /vy77'J y^Ltc GPS fi^tD^fJc^ffl-T 5^iS#&#7;l/dr U 

x^mmy- u xiggs (ffd 0 , &^^<Dmt>\ f±myu y^com 

5 4 tCgtl^O^o 

5 7 . wrMm^mmt>m^y ^>i$v gps mm*. * 

qE U & 7p >y * fcfEtt^ tu huM* s \ 7n >y * £ t icmffi-? 

& 7 1 - ^©^77n >y * fcjtjnl? L^t)-&S £tlc£K> fflfig-r- # • 7n >y ^ 

fijc-r wf-y &mmt>\ m^y ^;izv> ?mwe±f& l fcjg©^ 

5 8. IiFn)^P>MlMII!(fg^^gtl»Xf>y > Site 



(11) 



VmW- 1 1- 5 1 3 7 8 7 



5 9 . itmx-r- v t£ 5> . itiiM^iA^&ftj <D IJU K ffimmfiF&Mft L 

6 o . Mmifrj&fr&ffitjm&y -t^zv >7m.n* gps u ^ 

% ^ ^ffu >y * ^SttjpW U^^-tt^> C t lc K> fflRjf-7*— Z • 7* n «y * 

>y 7°^^^ 5 9 tCHd«^r£o 



6 1. IJMir-^tM;^ GP S£fi«©ffiWrtlc&£^»(Dftfm<D*g^ *5 
£tfG P S SMIi©Mrtt^§MiI«MI©WJSt5M© K7 7 7- 

mm*ffiz-%ffij&m i Ktm<o gps 

i fcdg p sm^^^evicmmLftmc, ntiwmmmK mm^xxfy"^ 
6 3. g p s&mvk<Dn?mmjjfe'v%>'?T, 

G P SS'fS^T\ M#F»g£>ffiMa>5<DG P Sis ^Sft5Xf77^, 

G P St^^-y7 7'J VWXf'y/'fc, 

G P S^m»^i^ft-^'®7i^^M-r^X^>y7 0 i: 

6 4. ££>fc, SM;>Xfi,t*G P Sfg^flUSLT. fflSb/cGP Sf§* 

WSXf7 7°^t?iiS^JS 6 3 tcsaicO^fio 

6 5. mmffifrG p sM5§7b^mratfi'^^^as>Mi6 4 ictm<Dftm 0 

6 6. $ P>*c % GPS -nmmr\ GPS ^M«l<D^rtfcfeS?®MO K >y 7°^ 
-tH^^^fli-r § X-r -y 7"#rV<t?,i. , pJ<41 6 5 (cfdl©^& 

6 7. ^^c, wm\mm%mz> x-j- >y 7°% ?r c^^m 6 6 ic,imo)/jm, 

6 8. G P SS»ri'jM/JffliXf>y7°^ GPSfilW-y77U>7 y 

o^ic^k-r^i!Vf>J<Ja'i6 4 &aa$c<D7j}£o 



(12) 1 1- 5 1 3 7 8 7 

6 9 . m\m& gps iV'}*m\i it, gps mm^mM^^uw^n^ 

7 0. /€UrtTv^y7 7 , J>^^ntl^G P S{^;/^»£#-}A 

7 l . ^Vv-^MI^yp-tr^-y- (DSP) ^M^^ft-^rii 3 i*ri7 o 

72. ^^'jrt^777 | jy^n^G p sm^com-tfmtL. ma^m^ 

ic LTm±}%WMtfr %mMm 7 0 tc.fEa^&o 

% < T^^HiARlg 7 2 tc!Bfc<Wr£o 

7 4 . 9HM1j\ Ftyc;W 77 V >7ZftZ> GPS m^(DMMMfrX±frffi. 

wzsmmm 6 6 icmm<D-fm 0 

7 5. -r> §7°ot7^ (DSP) ^M^^r-r^)fl>W7 4 tCsB 

7 6. ^tyrtT^777yy^n§GPsf^i»u j&fi&tatt 

7 7 . %iE>lcnjJ%:Wfiffi?Z>fcit>K>*y 77'J GPS ^£r£ 

* < -et^i^ 7 6 fcta«o/iteo 
7 8 . mmm&mmtf k >y 7°^ -rnmtt^m l . # * e. k , k >y -7°^ — it 

7 9. / w t s]^->46^/£^nrt^^^7 8tciH«o^ffio 
^sh^ojm, Mf,i'itjm : i» > vi , jfrr § m^ri'M-r s x f- -y -T^nrc?,^ 



(13) 



VfUW- 1 1 - 5 1 3 7 8 7 



8 7. 2 p) jai^i* gps fs^^r^ l rcmcmm^xT-i+cDmmnt}* 
mm-? &x-f- v y°*^mmm e 4 icmmco^ 0 

8 8. g p s^mm*^%is^K<Dmmwti*mm-&m£^&-ix^ 

G P S^M^^rcLfcMil^X-rA-CG P S {M^M/T^X^y 7°^ 

90. ©]Mxf-y^\ m^mm^mmMVim^{&mjmm(Di^ri^ic 

9 2. 2 % fc:, ^tU I A ] t'GPS U^/n >y 7 T U > & X f - -y X^l^. 

;Mi 8 8 icmuvrnko 



(14) VfUW- 1 1 - 5 1 3 7 8 7 

9 6 . fls^^m^i-rs gps &m=L- ^ v rt©«$ot, 
g p sM^wmcp s^mn^ 

mmm&mmcmmzn, Gps^m mmm^mm, m^x-t-a. 

9 7. l&mjjlRM^-f&G P hTfeoTs 

siwfi k & 5 Wjm^ e> g p s m^^m-t § ^gr*» t . 
^m^s^n, gps fs^^-r^-^^ffHti-r § * tut, 

^ ^ U icWMZti. GPS fit^^M LtW* GPS m^tetitfJ-? % 7u 

£rfix. § G P S m))3-~ <y h 0 

9 8. VlUjHfWTOc)^ 

i^s mmm 9 7 1 Mm<D gps m^- ^ v 0 
9 9 . m/mm\»v&tf~7u-£ ^ ^(DmmiiJj^mmT^mmi 9 7 &c i jd.$o g 



(15) 1 1 -5 1 3 7 8 7 

p s^to-^y bo 

i oo. mj&^Mm&^Mmjc&^rzmz, mirm\mm\ mmm>m 

10 1. G P S^fc^y h^gm^WJc^o/c^^, ffi*i¥¥S!r»IK#, M 
If >1<II 9 7 tcgBigcr, GPS &W}3-— >y h 0 

i 0 3. n^^M^^grc^n7cH2/^y^'j^f;i^, jsMnmtf^ 

5 1 0 2 fClEigO GPS ®m^-=- v Y o 

10 4. ££>&C, 

105. n-j-mmms&tiK ^^zv7°v^v^tm%k<vnu^^>y^t%m?L 
& m&m 9 7 icmm<v g p s >y h 0 

?u -t >y -w^v *j%Mti ^-mmm^mm^mx. % m>&®. 9 7 tcmi*iso g p 
f-^f^§if« i o 6 \cmm<DG p smh3L-v k 



(16) 



Vr&^f- 1 1-5 1 3 7 8 7 



i 09. £p>tc, g p smm(DMRmc&%ffim<D\!vy°^—mR%:fttsffi 
i i o. GPs&m^-vhwi&&titff&i£%L^rzm£. ^ti'mmmtiK g 

111. 2<^c, «S>UO^*lff^^7 i -^%rVty^M'r--^tffM*SM*rs 
iffi{dill^N^^iiii1^^.iH>M9 7 fciE*Jc£>G p s&m^~v ho 

112. G P S ^«i;ffi7jf fffllgCli^tlfc^ 1 I1»l/J 

113. f ^ o / n 1 7 -!t i:M(7)f jgx^ 7 f § 
iftWif 9 6 ^3B®cD^iSo 

114. t7Jtl@f§*\ ^V^^;MS^M^g^rtJc«^$iJ«iS^M 

o 

1 1 6. ?wM^-£1ffgft\ G P S gfMMWrt t I© K 7 ^7-1" 

m^&m&m. 9 6 icmmomm 0 

s ft ^^g-fin-r^is^ 9 6 icge^co^iSo 

118. SSMf'-^ltlHjb^MO^ig^lScrx-^^^tyff^g 6$fc« 

9 7 K^O^o 

1 19. :7°n-fe>y+J-#\ G P sm^WKT'&m&fr&frffiMtenttT&Zt 
lc£V, G P SU'J^iW&J^Mi 9 7lcm®(DG P S^S&a-y h 0 

12 0. G P S I I \ * -iv U |*| !r. ,\d\a L fc ft\ -m m<DWmfdMm ft M 



(17) 1 1 - 5 1 3 7 8 7 

mm i i 9iciE&(DG p s&mz-— «y k 

12 1. G P SfJWmM&aia^ i\?»i^*^©ijuU:^tT*n5^5ii 
1 9lc;!E$£>G P S#KpL=:y ho 

12 2. a^^iA^I?^^^mm^fF7b^ a^iv^jA^^^CD^fC'i? 
tT^tiSM^ i 2 l JcstB4SOG P s^m^y ho 

123. fgrt^mi^^fpr s gps &m=L=- v v \H<D%m.~c& 

GPS f,i iJ-^-Sf.pr § G P S £ , 

g p ssi «tcg$gs*u g p si^it§Miv'XfAt> 



Ho 

12 7. ££JC N ^S^^<fc^«7 , J@Jf.[E]SS^^M^n7c^ 1 ftJfflJ^jflJH 

1 2 8. ^jMfcil^v>r^nyn^y^^^©^iKX-r'y^^^^S 
■ii'lARJ^i 1 2 6tcadi|K©^ito 



(18) 



t$-^¥ 1 1-5 1 3 7 8 7 



129. m/j<rm\'mt>\ ^^isZM^mmm&nmvn-mimmmmx 

irio 

1 3 0. Mtimm&tf'zzic. ^ttmmmmcm;iznrcmm.(D'cQ.m^v 
^m^^^mm 1 2 9 ic&mvmtc 

13 1. mWr-^mW^G P S^?^Oftmrtlcfe^^M(0K^^-'hP6 
^fr.lYbRii'i 1 2 6 iC,IB^(7)^iHo 

132. ^m7 f -^M«*mM©^)rt*^x-^*rttr,tit^u 2 6 tcia 

13 3. ®I-/XfA^, G P SM^oa^Tv^ilM^jA^ill^^^fft-^^ 

^ ic x k> > gps m^*mm~? zrn&m 1 2 6 jcfE«©^e 0 

13 4. G P SM^/^y-7Tl^tcgB1f:Lfd^ IifflSf«©^S^*^ 
T-rsif^ 1 3 3 tcsE«gO^Bo 

13 5. G P S fg^-cDjtu&iH;^ ^M^jA^^COHU^^tf^tl^Hfi-^ 1 

3 3 icrdm<Dmm 0 

136. r^ais^jA^Mm^^momM^^, ^mm^^m^mcm 

137. $e>ic 'Sfaa^MM^nTc^gp^jg^^ft^, ^a&sgsstfssi 1 g 

13 9. ^^--«y holuiS^r^-r^^^a^T, 



(19) 



1 1-513787 



ft 

14 0. £ e ^ IftljlcD K >y 7 0 ->-*ri'i J.ti-tHU^ £ ;Ml^n. r. >y h X~r 
>y -7°^ r^Vlu^'i 1 3 9 tCHS^^&o 

141. F^y^-wmK mm-v g p sg^»^^£n£M«i 1 4 

0 ,12^(073 rio 

14 2. immm\ tm*i$tb. mm^^y hmmftic&zm&mnm 
mmm^mM>m 1 4 o tctE^o^o 
14 3. {ig'if^w, mm=L~v h(Dii/M*^mm&£Tsmm%^mn>!<m 

1 4 o tcra<W?£ 0 

145. zzic nm^mmf-^mm^mm^y bicmzxTV?*^ 

o 
o 

14 7. G P Si^tf-^*fffll/ts *:<DiiLW*%\t>-&%&m3L-v 
Mf^U y^^LTg^^n, ^-L->y h(DMWl*Kc&£%jM^F>y7 P ^- 
•W^K^^m-r S Ml^- >y h ft O^Httl £ . 

14 8. »JG P S^---y F^MfgD V*fcMVrSS^fc{£/fl^57j*£T 



(20) 



tmW- 1 1 - 5 1 3 7 8 7 



14 9. F >y 7°^-ti^g7b\ f&Mfr GPSi W F >y 7°7- • 

^ h^MT. umm 1 4 8ic,iB.i3c^73&o 

150. f y y^—m&£>\ mmfr^&m GPsa-^yb^GPs m w f 
777- • i/v b&msm-?, tmm 1 4 9tciE^^ 0 

15 1. F-y7°^-t»^\ li^TG P S^H£fr£Btf#£*U K7 7°7- 
tft$H#8rMfr5Site^'\<DG P Si§<D F7 7°7- • :>7 F^t\ §££JS 1 4 
8 lc|G«<D^o 

15 2. F >y T^-lf $S#\ mm.fr Z&Wl GPSa-yKOGPS F 
7 7 7- • ^>7 F^f5i£^t\ li^lH 1 5 1 ^se«cCD7ar£o 

15 3. *£jKjG P F^efuB'tffS^mt-^X7"7 7 0 ^#^ 

x Sl^^lG P Si-7 h«^tl»J:OM^Iit§ ik 

154. tesii$S7^ nm^a>, mg p s^l-^ v<Dumn\c^m.WL(D 
1 5 3 icfflfcofifeo 

155. te@it$g*<, mm*3&z?mm*'StsmMmi 5 3fcid«©^ 0 

1 5 6. 2 6 {C , f j lOfMf- £ mW*&W} GPS^7h^Xf77° 

1 5 7. Man 7 b ^ F 7 7°7-fi^f ffl bt, il^^OGPSl^ 
F7 7°7- • ^77 F^Wl-r§,iN>M1 1 3 9lcmm<D/rt£ 0 

15 8. Jglil jl - >y F F >y 7°7 -f^g^ffl L T , Mfr f»OGPS teW 
K77 7- • 77 F^MflT^.M>R^i 1 4 7 ^Hd^O^i/jn— >y F c 



(21) 



1 1 -5 1 3 7 8 7 



1 59. Mffiv>9i)mmfflWLmA<,mw*ffi&z-ffiMmi ssicmm&m 

160. mm^-v hicmiznttmmm*mx., mmmzmm 

1 5 8lcM®L(D&m^~v ho 
1 6 0KM<W.<D^m^=- V ho 

16 3. so.an.-y ^ji?zMmmmmm%& (dsp) ^ii^u d 

•r&mmm 1 5 sictm^m^y h D 

i 6 4. £p>fc, y Hc^^ns^fM^f^u mnmmmmn 
&mz>mMm i 6 3tcas«^i&n.n«/ k 

16 5. «MJ^n^^^e>©iesof»M-r-^if?B^SM-rs 

4 7JcgEtt©#®jn.ny ho 
16 6. ^SIjG McfflfgU y^^i^lWt^ot, 

p sa-^ htc^^>}MlM^ 

16 7. F^7-fffi©©^ Sttil^^^^n^fH'ISn.- >y ht\ gEltn. 

Jfl 1 6 6tCfffl^^Wwo 
16 8. ^<blC. 

mhG p si-<y h ^ h mm wtm r<r & m t , 

16 9. Fv-f^—WmtiK fli'i^^JM^CG P SUW K-y-/^- - • 



(22) 



1 1 - 5 1 3 7 8 7 



wo. f v 7^-vm£>\ mkwz&m gps^^kogps^ w f 

17 1. F^^-fffffi*^ W^G P f i^Ii§^?)Il^n, 

y^^y^-mm. m^^ysm^(DQ p si^F^^- • i/y 

17 2. -Wm\ ffi&fr *> &® GPSa->vK<OGPS i\ '$<D F 

173. stMA^wjG psi-7 h<D&m*7£-?m&*5&xfm&*mn-rz> 

17 4. {£gHPg#\ 85M«r^ *£®JG P hOSIfrtt^SMO 

^it^-r^gs^isi 7 3icmm<Dmi&m 0 



17 5. {istf$RA\ ^^^^it^-a-ty^iHi 7 3 ictm(Dmmm 0 
1 7 6. &mmt>\ mmmm^-zmfmmz psa-- y mcshiu 



17 7. l,t±Hli,.)4octm^ifi/jG P S^l— >y TxWc^J 1 5 O^n^— YWX 

17 8. »g p s^mm(DmBmmmm^iEt^m^\ 

y°h, 

17 9. ^fy^ IfU>7^/>ttI{^n/ciif-^1i«fi 



(23) 



VmW- 1 r - 5 1 3 7 8 7 



i so. m&T-ziimw. ^icp smmcDMftmz&z'mmvv^ 
i8i. ffimT~2tmm®m.<Dttm*m?T-2*i$mmmi 7 9M 
18 2. itiiMu>^^\ ^'[pi^-^-v • v>?%rcimummv>?i£rciz 

18 3. mmv>Z£>mmmmmmmmi*v&z>m>i<mi 1 9ictdm<D^m 0 
18 4. gjffl/j/a^»j^Ji^\ m^w? - )\y-7&rc\mm&uy v • ^ 

1 8 5. wmm-i$, mmm^K^mmmhtm^nx, mnmmm^fi 

jE-T 3 gZM $lk£:il$rr & 1 8 4 s£«<d;/j&o 
18 6. &WlG p s^ii-esot, 

G P Sfg^'I'flt^^l7>ft^, 

miMmm&m&.'tz&mmtiim.fflm (afo 

18 7. A F C|5]^j;rilSg|5«tcgi?n5M»i^, It 

188. AFciniTO\ m2r>^i-i,zmmzn&&mmzmrizn&m\\u 

v V • 7°^f;ilx.aiH , l«i l 8 7 &c;B|iSc£>f»G P S§i& 



(24) 1 1- 5 1 3 7 8 7 

18 9. se>ic. 35 2 7>fttgi;^n§§iii^i^, ^fa»^52r> 

{,? £ n & t& m - ^ ™ o ^- ^ 
t^i/iiifi 1 8 6^,!2a^^i^G p s m m, 
190. ffi%.T~-zmm\ &mG p s^Mwrtf^si^K-y^ 

— tfffB£-fttytifc£JK l 8 9tc;1B|g<DSfiffiiG P SSM«. 

19 1. ?wM-r~-*M*B^ &®JG P S^?«l©^rt^a5Sjg8St©m.m© I 
Dfc, tMjGP S^Hl£OMrt£fe§MIM^i^iUcit§^t5M 

© f ^ T^-it S3 1 ^mMMm i 9 o icmmv&m gps sfgm, 

19 2. mM^-^tflg^iM^^if^r^-r-r-^^tyliM l 8 9tcfB 

i 9 3. aumiLT^iG p ssfg«irt©^si5%igs*tfi!iE-rs^rs-t? 

jEU JggP3gigSgJH£fflLTG P Sm-5^ffilJS-r^73r*o 

19 4. 7=-^{S^\ ilGPS^M»cfe§iIOF-yy7-i 
Sfi^fN^ SSM-r— ^1^$8%-g-ty|^5R5l 1 9 3 lz.0xffi<Dj3m o 

19 5. -r-SHi ^S^^JS^-r-r-^^ty^M-r-^lf^^ 

tsimm i 9 3 tcgE^OTj-ri-o 

19 6. lia - >y h(7){itl«t§«SoT, 



(25) 1 1 - 5 1 3 7 8 7 

1 9 8. HiM^-^ttfR^, ^®jg p s&mmoimRftic&zmm.wy?^ 
—mm^nmn^m 1 9 7 icga*©®*^ 

2 0 0. ££>tc, SHiatcig^ns^n-feyy-^ffif^, rPt>y9-*M« 
2 0 1. ^P-fe-yW, WlG P S&mm<D&¥lftlZ&Z&&(Dffig*&;nLls 

JI2 0 OtcfBISOS^o 

2 0 2. Ilf-^flA^ »il©F77 , 7-il^ttflM2 0 1 

203. fSffMf*— m&<Dmm<D^scm%&'?7*—2*'S&m£m2 
o i jcsiiffioa^o 
2 0 4. timf$&it)\ zzicmm^-v hvmm^mmm 1 4 3^^© 



(26) VmW- 1 1- 5 1 3 7 8 7 

G P S&ffitikt G P Sfii^Mrr37jT£ 

f(D2 •QOffiHSfiiflifil 'J^ £rf£ffi L rc^M'-W GPS 'Sf.i'tft ( l 9 9 6^3 J J 8 
BfflB5<D'>y7/l/No. 0 8/6 1 2, 5 8 2*2) , > W-1 r ?«ij£tt#c&M=! 
GPS^ii (1 9 9 6¥3J]8aHilO^'J7;VNo. 0 8/6 1 3, 9 6 6 

|B|CfSW#N orman F. R r a s n e rtcj;*) 1 9 9 5^ 1 
0^9 BlClhMZtirzifcmmm (~L o w Power, Sensitive 
Pseudorange Measurement Apparatus an 
d Method for Global Positioning Sate 
Mites SystemsJ tmt ^Jmm^MW, 60/005, 318 

1. ggga^i! 

^tttwsinaasji (gps) ^x-rAtcjsffl^na^ttitc^-rso 

2. fias 

gps ^fs^{i:iim> mmco gps /c^nav s tar) mm*-* e> mmc 



•y^itfi^ i/>frti>5 r^^cMj f*— #fc©pfi##j&£o GPSi^M ; U UX 



(27) 



1 1 - 5 1 3 7 8 7 



G P S^ff '>X-rAtcfi^0 20©S*W«^SSo og:0 (1) El^fcG 
©^fclMS^OW^— ^#b7c6G P S{g^fr£>ttiffiU F^y^>^ 

oo gp smmmmim. (pn) ^-^^x^i^^n^^jKMi^^o 

S^ffl^tC^fflnJ^n— FfiC/A3- FWHtl, 1. 0 2 3MHz<D2l 

^S»^tt§o n- F • S/— $->Xi±=f— F • n- Fh LTftl^ns 
7r = U— tcSfSo ^GP SffiMfi. — jg<DdT-;t/ F • %{\? }tt 



(28) Vf-m i 1 1 - 5 1 3 7 8 7 

Kf^SlSlfg-rS W^V*^*?! :7x-Xl<:&So h7^>^-7x-X^ 
rfxrUyH (despred) J i:}i^L^^t§o C©fe f TO*iJi*b*$IK , 

gps (Dmmicmterc 5 0 e ^ Y/®(D2mmmn^nrcT~-ziAV} 

T?#S«2fc©fflBa&g (M^ii^^l 2{@) ^fffltSo 

J^M©SIO^<D GPS ^{f 4M> F F TM^ffl^Ttll GPS {g^cD K >y 7° 

^fX^l/y F U — flglc 1 0kHz^L30kHz V>^mtM~$ ^%^$M 
Johnson O^Httl^ 5 , 4 2 0, 5 9 2 mt. FFT T;l/lJU XA* 

sn, ^icf-^ • u >^^^bTjsPa^fs^c^f=^n, ^ct?f f tot* 



(29) 



1 1 - 5 1 3 7 8 7 



liyt ^ 

it$s*3 «t t>* e ji. — s&mfr e> (D^m gps m^^r^ffl b fot, mm.(omnm 
mmm~tz>o fmbzc^sgii^sitii^j^^ftb, ^a*-7h 

&fctbiz**:v icmmzti&o cvmmirMi?;. 



(30) 



t'f 2?¥ 1 1 - 5 1 3 7 8 7 



v}y o u^-y^-^m\}LX'Mn^ti^ 0 cti^VWmt, GPS iir}<Dm!M 

«%^lt§GP SStW^o ea-iSfrf,GP Sf, = iy^{,iU 

m 1 Citt, SCOTCH G P S&m^L-y h^o-y^l^o 

35 2 A 111 mil 2 BKK£> *fP^O«miT&3^{H»R Flo&Zf I F 

35 3 1*1 ii, J; D 7°n ? ^ A TSJfg DSP^nt-y £ 

-To 

35 5 A|*K£, ^^(D-O^^^cDStill^^X^A^TKt-o 

35 5 Bli(i, ^Hi3^^^miO»i!l/Sv'X^A^/T^o 

357i*]«, *mm<D •^<DmmBMfc&z>mh3--v hconimwm*>rc?j£i 



(31) 



1 1-513787 



1 . tim 1 : itiMO-r— £ • ^ y-fe— ^lil^ 1 0 jb^iSffi^.- >y h2 0tS 
32 S d £ &c £ 0 , isPB^-- -yf2 0(iii ©1tSl*&<eue*«!l5£fit £ 

[H^m 5 , 3 6 5, 4 5 0 5 C t a JSPH^- 7h20tt, is 

[fe- >y h 2 O^teBtDst^^f-rSo 

2. 7j&2 : jSPS^l-^ h 2 0 M\ y$J$ffi#^— J&£^£ftTl^£^Mtf);£ 

3. : ilfc--y h 2 (Hi, Mff U >^ i 6^tTM2i^Site 1 
^ 5 , 225, 842 d £ c 

77°n-f (-r&fr^^io i ^<fct53^i. stfejn i o tmmoL-y h 2 0 

s AtitilW 1 0 h»:X-<y h 2 0 ^Ol^rulW, T^jitC P NJg^JWK (1 ^ U 
#) *tmrcffi(D 1 /2\i r u 1 5 0 kmO^ci/c^nSo 



(32) 



1 1- 5 1 3 7 8 7 



2n&o lt^u *mm&*tfttt?&t. mmrnciz^mKDm^^mmtsxxs 
rAr—zmmz. tmk&frzmm^-v hicmmzn, acorns- $ mm*. 

$R£rilR§:x^y h 2 (HOMfS'U ^^©^^.fcOjsPS^--^ h 2 0«t 
5^yt-^LT, iiR|:x:^>y h 2 OtcM^^fllfif S.fc^f^^t'So Sift 

A 2 2(C^a^tl> M/Jv-r^n-7°n-tr>y-9-2 6 fcSS^ttfc^y 3 OtcfE 
i^n^o -7Y^n7°n^>y^2 6tt, SBa-y hjaaxl/^ 3 2~4 8 

S«2 OrtOiiTuWW^^fW-rSo -r^^D^n-tr-y^2 6 fi. 

SHK8ES8t43 /ttiffi© GPS cDst^^JSffi*. * fc&ttlf tt^tffUffl Rlfll 



(33) VmW- 1 1 - 5 1 3 7 8 7 

%^cdt\ mum\wim\z.^ 0 \ o h z (mmtf&gtebkk f 

7^7-*^J± 7 k H z Oi^. ^W^fe^^jMei^tC 1 llfy hcDV- KT-f 

»t'$§o 8 MoflSm^ftlWtcfeSiW^ti, c <D £ •? % F v f^-^i'mfet 

>y h 2 0 # G P S {.UJcW y y°)\sJ£l£ t, icM 't'- < Mi'HT d *Ui ^n-fe 7^3 
2ftWiTOg^.!tWt-£fc&^^^ 

i«T£o GPS/>yt-^>W-^©xt°7^ (epoch) jiftPOlf^R* 

FC) ;b-7°MLT, CCIWCP7^U ^ft&C«fcoT^<DS*Pf$gg§ 
**e.M$iE"rSo 1 0 5'JU>i:^^7*-^im 2 0 d BcDS-jsS/ 
NjrblCfcoT. M^teA F C^Lfd^MJ^C 1 0 H z W±©fitjfi#"7agfc: 

c:n(i--jRtc, *fgw©gmc+#&raig&±iiii£o commit, wm 
^i^n- > y f 2 o tmmm i o fcoria^^^nsx-^s^jtiSEW^i/^SB 

— * * M % & n 1$ <£> Z> X o & is X f - A t it & * t) . cKD->^-r^{i<fcO .a t ^ fi? 



(34) 



ftmV 1 1-513787 



(fci:OTJ®]^n7cVli^3^2 la, 2 1b. 2 1 c*5<J:tf2 1 d) ^/t'Lt, V 
^^a7 P a-tr>yHt2 6tfR F/ I F»4 2, 7t0^7f^>^/H»4 
4fcJ;rjhT : V> ; ^;b • X-^yt/v-a >y h • t^ev 4 6£*2S&U cWcioTi: 

{, : ; l Tc g p s ffiM.fr ^f^iti i Fj-'fj^tcMM^n, VZMk&n 

^^.cfc^ v^^C3 7°n-tr«y^2 6taD«ti5 0 il'^, GPSi^SP 
777"^ • y- h • 7K$aiHB4 SfrMPTSo G P S M^tDMMfi. 

j^ts 3 8 ?km% urai/s^nso 

cmm^MVX (Xt7 7*y3 7f-^'J4 6 £^rt<DffiSfr 
V s ^ ;WL GPS m^Tmrc-fW , D S P u 7°n -te >y ^ 3 2 «{£S£*j:|#tg 

icfflM-tZC £tf~?%Z> 0 RF/I F^t§4 2fej;r?7t0 7*/f^^;l'f 

S*\ W€'J4 6fr+#&1g;fc^ttil8tt£:fr£) W^tl7cfl^2 1 b*5 

j: tf 2 1 c ^ ur <ti!©#&Titt7 , jfri , f'M2 n, Lfcfr o T^^o»^ii3l-m 

exas Instruments^TMS 3 2 0 C3 0 'U ! fr"c ^U,u[- <^ 

tL&xo&mny'v?^-??^ • yv^^;H^«! i c 3 2 (dsp) ^113 

LTMf^nSo CODSP3 2I4, CO «fc -5 %;!t3?^trt~£ n^c, 3iijffll£ft 



(35) Wf-^¥ 1 1 - 5 1 3 7 8 7 

CCDD SP3 2tt, ^{LbfcTJX^A • f^^^/W^W I C*?H:£<iR 
J|jfeJ;tf7 0 o^T7";l/ 1 C&m\\-tZ>h^*)&X\ %>Z>m<r>)&WkG P Sa-7 
McMJIJ^nTt/^ffiOD S P fcl±J8£5 0 DSP32tt, &m7— U 

x^ift (FFT) T;l/nUXAtD^JIJ^rnJ^^L, ctltaoto-*;Wc4i 

l t m h, i £ £ mjt^ «i<Dfi]ra#*£^ 'i* < ^ff-r s c t ic & o > » 

i o fg^ p»ioo i%Mmt~? # a o 
DSP3 2S, M^«Mo^n^ntc^LT»^^oaW^T-ra^, 

n-tr>y+)-2 6(ciM^)o £<DP#j£tC\ v-T ^ P7°n^-yt 2 6 fi, il#J&frJfi=lHi5§ 

^WirUfc£mt73E$M[HlE&3 6^£C^C<};D, D S P 3 2 fc<fctf 

4 6%nXf{&MtlWMl£XtlZ>CtW'V%Z>o 7^^D7°n-t7^2 6tt 

gEMt-r— #«:SilWnl l OlciM^o ^MSiSIt*— *fc*n3.T, /^7746?iSI 

IC.fc'K D S P 3 2{±i§PH3L-«y hcDtf/.iS (WJ^.^JK. MS; retell SfeSfg 
*5 <fctf*&K) ^sH? U c©f-^^^^07°o^7^2 6^§ct # 
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mi AmVjn-t&SlC. 2(i, — ~D<D'jm&tifreitWl<D7 1/7-1- 2 4 

V > 9 • ^ *y -fe — j^Mf Lft^oT £3 l 0TGPS7 

ift^^CTTtis D S P 3 2 ©fiMSff-gUi, -rVv^l/ • Xt7^>3 >y h • 

, mpt^^^ct w^m is n & o 

umitiis, ntjffiMM(D^mffi*t)irfrftm3Lfr&mi,te< Tiger c t& 
niffinw&^ti&ffi'StizM*. mffl(Dt>-ffr#i i ^wj^ 
cfticx-ox^yT-vit, m(Dt%&ic^nmm-££ <o i o o -fgs < EUf^ 

icmMZftZo 
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^WmWM (R AM 3 Ofe^tf' E EPROM28) fc^RBjfc: U ^(DWm*. 
£ F P G A (7 Y — ;V F • 7°U V^rTfr • f~ h • 71/-Y) 4 9 1*1 

fC^n&imjQCDl!^ (KOJg^ F P G A 4 9, Of; DfSVli/J 

Mt«\ ffililc^l 9^ILTtfA2 2A^£0^!Kj^^D~r^^, D S P 3 
2 a^y7£H$£#£-&5ffiNr*"r5o #1 tfigfcSffP 1 9W\ tfAi&D S P 3 2 
afecfc^F P G A 1 9tCjg|g"rSo D S Pf 7 7°3 2 att, BittbZt. €fA 
^tfi^Jc-r— ^^SM-rSo DSP32aii, /^yr U *5J:tfG;SgHfiE8g*5«fc 
r^X-r>y^3 6lciI3gLT[HlE&3 6 lcmtl*>/*7^*-%KZMM.&ffiffi 1 
8^Ii:T, 'it^M^t^f-r^o D S P 3 2 afci\ ffl 7 HtC^-T £ «5 
7J flffi J; 0 , ffl 1 8tJ:oT0l^3 6t#x.c, tiftfgt 7 

c%rciznt)%:{&i : 't£ j &2>) „ mm 3 6 a, ffl.5jgi&gpi 7^lt 

D S P 3 2 a^S'M^-^o 0S&3 ig&L;fc{&Ji»IS®<Dtt;*JJIS2 1 a, 

2 1b, 2 1c, 2 1 d*5«fct52 1 f *5i£1S;fo£aiRtofc^0 9ilM.5C ^tc«fc 

2 4o.t tf^EiftS 4 4lcntJ*mriirZ>ia^ U2 1 b4oJ;tf2 1 c^ILTfti 

o --DCDmiMBm-z-tt, ^^ufc^mg^wJiF pg a 4 9«, farastssjiifg 

4 7^ffif^J^^^t&o FPGA4 90^^9jn«i:, FPGA4 
9 fci+IS&^SP 1 7^ICTDSP3 2alC0It *5 . ^(CDSP 3 

2 a ^^ms^^fe^mi^x-r y *-i»ik&3 e^mi^/^x 
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xirrs) tab. HK3 6<oa3jwtc«j:i5, ;iiiju^nrcii«2 i a. 21b, 21 
c d*5<fct;2 1 f^ltr^KWn^c fMifca&iSft^ft, d s p 3 2 

Afi, iJS7BlT^-r^r^C<fc»3, F P G A£^ T^U-fe-y h U ^tllM^OTti 
vtV£>\ ^^eUfecfcmil^OTF PG A 4 9:fc£tfD S P 3 2 a Ic£-dTM'M 

/cDSP3 2 a<D^<D«t-5Jc) jMMfg'Mf ^fcjMo XMf]%:W\M~? 2>io\ V 

^^U *5 J; ZSmtlWm FPGA49«, V s - $ tfg®m 4 4^f.^tU4 6 tc|S 
t&<**l£H^ SfcfciD S P«cSil3 2 a*^€U 4 6A^f-^%iMoT 
t^^7Fl/X»i:\ ^yfcffiJflfU fltS. FPGA49(i, ^ 

o 

ib i citt, ^ i kM&zxfm i Bia^>j<L/cG p smi^-v h tmizmfli 

latent* G P S&Wi=L~y hit, It^^-yf'J 8 1 % $e>tc^7°i/3 ><W£B 

tiA^^P s 3 ^xzsxmmm 79^ on^^tt s <fc 5 ns^snsftyjiHg 

fc^tfWjMF P G A 3 9 ^Wfl^nfcWa^I^^fliiJ^TT, ^lalifStc 

p s wjn. - > y h (c:vn;j ^fjt^-r sctfet'tSo is 1 c m iaf< l r^Mmnm-v 

It. FPGA4 9«ffl imWM 7 5^UDSPf>y^3 2afc I I'tf £ U,i ' i 
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^-j-tl^o c<Div>}ic£-?TD s p^^yit-t^m\itjvmicuu^, Dspf 

as i cut. g p s&m^~v htf-&tiWift(Drcibic®)&*m&ic?ziittf 
•v%z*$ffl]<D!&m&7K-?o *nrjffltif*e^s J: a tc, gps i&m=L- v h <d>>& 

mt. ^€U4 6t iiE'lt L fc =P?£ G P S tflj CO £ t» tcJ;oTfai: 
£tfT*%Zo iltlit «fc D^<OG P SO^JHSLTtV i?ZMt\s 
, C6O7 1 — ^^r^^EU 4 6tcfB1g-r5C i:[aotilt5o C^OJ^c/^yX 
7 'J > < 5)!)^ G P S^iftrL-^y h«fc|6] 

±£-££ 0 ££0 j: a fc^jg%±tf tt— Kfi^ GPSa--y hof^t- F • X 

-r-y^-8 5t?^#e-rsti lM/ui 9ic*g-a-snTDP s^y:/3 

2at3vyF^x., SStfit- KJC-TSo &£W£, ilOf^t- K • X-Y 
>y^8 5&. DSP3 2af>yyiC37>F*JSI^ G P S {i^DfflfJJEX^y 
y 3 yb < U ^ftlc J;oT^^ l J4 6 iciHtgf S GPS {§^<Dffi£:'>& 

N ^tc^e-r A^taSgJUcSP 1 9^LTDS P^^y7°3 2 aCCO^T^K^I 

MlG PSiL-7h(0RF/I FJ§]^^^fe<fct5f 1 V^^;Hb>'X-rAcr) 
ftWj&tfiJ£\ AUHC/jVTo 1 5 7 5. 4 2MH zCX^ilf^ 

x^;v^ (bpf) 5 o&km&y^xmmWi (lna) 5 2^hu mmm 

||Xf->"(^^tl5o L©7f-^ffl?n51S|5W (LO) 5 6(i 
N (PLL5 8^LT) 2. 0 4 8MHz fcte^CD^nWO ©MffiffijEift 
*zKI&5SfiiaS (T C X O) 6 0 tcftftlay * ^n^o Ll«lf»(t L 
0<Dfflf&3Si& 1 531. 3 9 2MHz X\ C ftfci 2991X0. 5 1 2MHzt' 
<fc£ 0 ^-©IS^feirS I Ff,l^(J;. ClT-4 4. 028MH z^fctSo £ 
CO I F 7b^£ Ll/MDfcfc, 4 4MHz f<|-)ttT<JSfiffitKO*MlES^*' t A^-"t?# 5^?> t? 
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TU\*)w&icfflMcm)ttt£nT^zmm&Wi7'f>\'2 (saw) 

finite A#-TS ctm§„ , ; 5f?t%<, SA wgift<Dftfc> 0 ici&cDtit 
-T^o C<D I iM.r-Jtt, 2MH z §fcfe S A W7 

(Mtini 4kHz ^cDj.-mtso fc^-r^o cosffi 6 8 mtfmw&wH 

mm*. 1. 0 2 4MHz(D4 3SS<7)lii/l 4 0 3 2MHz^ 

0 4 8MHzOTCX0 6 0A^fP>n5 o 

(DXtitf— hlcitmv I Flt^&^tfg 0° m^^7 M/cL Ofi#jWft*&£ 
IB 2 a igt?^-r <fc 5 ^ tr*r\ ^«««jisfifef^©Hu^u:ii*as 6 2 & £ 

I 68©2 0£>tf}2j«\ fs^£r 2 . 0 4 8MHz 

5 2 0<DSg^A/D|£4«4 4tC}Mf»rL§o f^§^^«, A/DM4 4 

mm (lti>yh) ^Wf—^^tit S 0 CW7°n — ^{± % v;l/^U<~<;l/A 
/DlMtc^ttgiWJl^ 1 . 9 6 d B^t>nS3Sai:*S<l tt\ 

>7°v yvm^mm^o mm-tz t c x o 7 0 « N 4 . 0 9 6 m h z 

C^/cii^O^M) TfeSo TCXOOaVjtt, A/DM4 4 (Sfcfctlt 



(41) 



1 1-513787 



«) ^(D^ryy°)V ■ >y * t \,Tm\\^Z> £ HftM^}* l . 0 

2 8MHz lC^m~t%m%%:-?2>o' C OJMI^ 4 . 0 9 6 M H z <DjJH 1 1 iV« 
MWit 4 4. 0 2 8MHztl^A7Jl FjiMi:©MTfe^o 

0 2 8MHz©IFtt, t> W0lil4^O 1 tfe?), Z-tWX^y 

o £B 2 A mo I /Qlty^U > hi\ffl£t ^ t.^ c com '3*? z=f-\y 

til. 0 2 8MHztl^IFT«T^5o ^ !3(JOMHz^I/Q 
f£ffl U X^" >y 7°^ 3 -y h • ^ U 4 6 2 . 0 4 8MHz©2ft y^l/O-x 

d s p 3 2T?$z?r'$ftz>m^!iQM<Dmm&. m3m<Dffitim$s&TfWi4 aek 
teoi^3-F^EPR0M3 4tcgati$nTi/^<ifc*^eTfeSo ft&©# 

J?5&13if atg&it fc^ffl f^c^feT?#§o MO SW(i, n - # ;P L 
fifti r^>y7°J fcPftfnS, 1 0 2 3M(DM^T-e^ftMm ( 1 MH z) fcWM 

mm (pn) /^-^-i^n^ci^^^c co r^yj M4ai^i 
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•7°<d {, f £ & 3 o c n T\ c <d i/— >t y X (D\M\ & n - ±1 mm ->-^ > X £ j£ 

fg^ f y^-^mmz^rMcmmfcoimmw 5kHz w±^wfc^ 

< 5 0 H z ^StiI$tl§o 

gps f.ujtcRfe/:-. 5 0 ,f-of-^^#ftt§ ctT, 2o = u ®(Dmm* 
«kt £ £ & s M mmWftftfiif p> * , j^a- 2o<d7U- a ^ -m l rii/jn 

t§iit^t§o IXT0^7^7 7^]lt§ ! t9(i:, Xlx-iA(D*^x^r;l/ 



(43) 
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G P S(7)»ff^^j»§ (2ft"3[a-e« W,£nv>Fj o l®3 

t> F«, iflHftU >7 1 6^LT^rt0^f£M<D F-y 7°^- • i/7 h*5&Xf 
^(DVm.(D I D £%m% C i:^at? 0 Xf-y^l 0 2 7J\ mM^—v F 2 0 «J& 

i o ^ zmm-gtirzte w^commku 7^aot, MSKfeigffii© fu7H 

nctt'SSo 0»JAfcf. -rV ^;K|iiJ®<DT C XO, ^^DCXO(« 
, mo . 1 /iTO^fcM, 1 CO G P S fil^cftj 15 0Hz ©.iSM^iifiJt 

X-r>y7°l 0 4m ^Pi^-^ V h(D^^^Wfu^y^2 6 It, SfM»7 

~fis*vV - t^V 4 6s\<DmM*&XL. C/A3-KOPN7U-AKIBO 
mMlJ-f Itg^tt-r- ^ ©X-^y 7 % > 37h ^ilTJl U ClTK &iI3t 1 OOftt^L 
1 0 0 0 ( 1 0 0 5 1 #<0«DK^Pf8tcffl^) -e$5 e fMi^f-^ 

M^n/c6, 6«R F/ I F^g§4 2#£rJ A/D 

ffl-r^^M^G p siii^-fco^T, *ns-rs^(Ha»=3— h (pn) 3 

-F%EPROM3 4*^«it5o ¥JSfcH$3t3"« «fc 5 £?£L^PN§EtI 
7*— V-y hti, ^fig&CKDP N3- F07-Uxl^ 1 0 2 3 PNH" 7 F 
fe/cD-9->7°;l/2 0 4 StiSO^WVT*'; y^LfctOTSSo 

7t>y7 % >3 7 F • ^t'J 4 6<Dt— #{±, NficOjl^^) P N7l/-A©7 
n>y^, Oi;«9 2 0 4 8 NlOlI^ty^^O-y^t'il^n^ (Nttii 
^tt5^bl 0O$SHO?M£7?$>£) o ^3KcDjSg|5cD;l/-7 0 (7-7-<y7°l 0 
8—1 24) TttCT <fc ^ , ^7'o >y ^ T l^<Dj*{1^^?rr So ^£ D , C. CO 

j\y~--/ft. ymt^ $c p s iV'} o ^ rr,!i- k/n i"k ^fr-rso 

7f >y 7° 1 0 8 7?fi, 2 0 4 8 N CD ir — X • 7- F©7"n >y M^flftg 
?&cDF>y7 0 7-*M^ ^W3MWFU7FMfc«DI?it<ii^ 
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f e H z fc^tJS-rS^^^O^^-fe'y h fc*S^l/T*5o f-^^fJ6I 
ftff IMime-j2/if e n T , n= [0, 1 , 2 • • • . 2 0 4 8 N - 1 ] + ( 

B-l) x 2 0 4 8N©ft^tD, llTT= 1/2. 0 4 8MH zttt^U 
> yjWWI*?, 7n >y ^> & b ti 1 %l > L K / N <D«]-e& 3 0 

ffifi l 0M) (D?~}ls~y°*Ui^chun-tz> 0 ~D$iK>. WffrQ^ 2048, 4 
0 96, • • • 2 0 4 8 (N- 1 ) ^ 'xWcM> U K 2 0 4 9, 4 0 9 
7, • • ♦ 2 0 4 8 (N-l) zm^chuw^. VLTm$t-f%o C(Dm&-£\ 
7ny^(i2 0 4 8{®b70^I^+'-> / 7 o ;I/^'a-^^:l^ 5 fttmWMWlc <£o 

MIC 7,v-v?°l 12—1 18T% ¥^JfbL/c^l^-A«^n^n, 
n- Kfcn— *;Wc^bfcP Ni^i^fcO^K <: ^T- 

£r r+HMj W-£ 0 LfrU moffiWW:^-* • 7n >y ?(D2&Z&%.(Dmilfrm 

mc Lfr'Mn^-r. £^&< mttco tn^^> fSLnm&arMtf 2 0 4 8g§ o -r^ 
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p n fu t <Dm<Dmim. p Nkm^wm^y h u m vm^Wrr -r s c 

fctaotW§;:fc^f§o of ^ PN3-F*p (o) , p (l) • 
• • p (2 0 4 7) £-T&£> ■9->^';l/HWtcJ:S^gl^7htip (1) p (2 
) • • • p (2 0 4 7) p (0) £%£o ^r^XJi, -r-^ • 7u 

v?tfv->7°}ip (i) -ena^-rsPN^^i^cy^ ,KiLtiW^ 3 m$ 

^ t 2 -^ • 7n7^lit^p (2) . p (3) ^n^nt± 

WPN«i/7 h u um*wMft-t% iifcfcfcoT^ns, 7u^%m 

J^O-tr 7b(i 2048X2048 = 4, 194, 304 <D3MT^i&!l£-T\ ^tl^ 

Il7-'Ji^ (FFT) »tt, «t»?^WT?^WJi:|pI#©^^ 
fjgffl"^ d cnttf] 1 2 X 2 0 4 8 ©Jg33R^ffi£ 2i£(DlmWM%:i& 



T F F TtffrtotU ^PN7D7^^LT F F Ttf?Tfc>ftSo 'T f — # • 7p 
7^©FFTtt, XT' >y 7° 1 1 4 "egip£> FFT ©^^fr^it^ ^©SS 

©■r— #{±, 0 4 8T\ fee^SHT^fitMO-r— ^ * 7*ny P 

N y n <y ^ COffiKlO-fe >y h £^-<t? 0 HIMTj ft£ rc&i£<D FFT ^fct^n^ *U P 
/2 1 o g2P<DY&W%&^£. U CC-ePli^ST*— X<W-f XTfeS (iit 

. B = 2 0 4 8%©T\ ^FF Ticit 1 1 X 1 0 2 4 <Djt^gC^feib%&gT?&£ 
o LfrU #*Ll/^jffi^S©Jg^©<fc5fc^ PN'>-mOFFT*EPR 
OM 3 4 Jci^a60StgLT*3< ^> U >^ • 7°n-tx4'^ f F T^ffl-^r 

^SfcE^fl -^MTj fa F F T x $F F TtO^Tt&W, FFT© 
(2X1 1t2) X 1 0 2 4 = 2 4 5 7 6^j:^ C ntiifi^J*+HIHfC*f 

bt 171 %5o ®4CPi, £ ©fffr 7^;i/^'J> y^3f?T*^:fiJc L 

mW\(DU^^JiXBt, 7 i -^0-9->7°;b2 0 4 8l^77°l 0 2 3#1© 

PNm\isttcwiuzft&£o&v>y'}im*i&M-?z>o cmaoi, 1*2204 
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8(DF F T7;l/nUXA^)t3-r§i:i:^t5o ^ifc2 Scfcf^OF FT7 
;bn*<JXiA^iWX 0fc£tf2 0 4 8 = 2 11) J: 

WM^^fef^i^^o IMK^M^I)St^5j:l FFT 
^T<D«^:7 h • yi:^t^Wt»?.L^^'et5„ FFT© 

yf|g#fc:fca\ f^^^X^o^^^^^^y^cDti^^F FTT;I/riUX 

$>£o ^g^fff©!!^, r«SW^ffifM1-e^Ig^:B2-?7«^< B 1 og 2 B 

9*7;b^ , ;XAO^<tt, ^Wj&##;£iJ;> fcfc^fcTH. J. Nu s s b a 
ume r© l"F a s t Fourier Transform and Con 
volution AlgorithmsJ (New York, Spring 
er-Verlag, C1982) lC3W£ftTl^£o COJ:547;b3 l JXA 
©ffi^&tfljte, Agarwal-Cooley OT;l/dTU XA, $HfiJAft?7;l/ 
dTUXA. ^'jf^^Iftx^Anr-r^nUXA, *5«fctfW i n o g r a d-7— U 

x-7M'jxm^ wjoso^a^jA^tc, '&m&7— ] )^®i<Dm : r 
* l^m^-m, step s^-^o Fv^^-wMte^mamm^?)^ 

miL-£<Df£lsb, m\\-$-%>*fyy°)Vm&, PN7U-Ltot^>7;V2 0 4 8#J 
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w&%:n\^tz>rMc^ ±m<d& o icmmLrc"r-$(D7u ? com* 

\i f vgO: . Wht? 5f-^<D 7" n >y ^ >/7 h^iliicj;^ WilEf Set 
^tind (n = 0, K 2 - • •) 0t»7b^n§o 

K(D7-'J xg&tc e -j 2 n f d^tf fdlfi^ L V ^ £ £ < ftj P> flT *5 0 , £ 

F F TfC e _ j 2;rnd / T f (n = 0, K 2---, 1 0 2 3 ) feefct? e'j 2 * (n-20 
48)d/T f ( n = i o 2 4, 1 0 2 5, • • • 2 0 4 7 ) *SNt£ C £ fc£ o Til 

, FFT 9 MR#|1S*#J 8 % L^lUjta^Hir^l/^ ffiiEtt, OH z let) fa 

^fii©¥7j*XT7 7 i 2 ofints. i^-rn<DS^iKt?*>{atsiPi«itcfl!i<o 

d (D$0?te, (2S 4 D |£UC>KT «t 9 %) 5 0 H z Of- #(i[ffl<Di*^ fc£ 
oT^S»)^M)I^O^M*ill(t)^<o +r>7 o ;l/2 0 4 8lO7n7 

7*7f7 7°l 2 2TM^nfcii^7D7 ?(Dftmc)mW1rZ> 0 Xf-yT/1 2 
2 fcfc, Xf >y 7° 1 1 2~l 1 8 Tiro rc,w;)i'ir c ^iA^^?.{cM < £ JriL 

&tili:*^t5„ £fU2\ Xf-y7°l 2 4«7P'y *T?/tVT«J: 5 fc:* t*^ 
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miztt? z^tDiwmtK wol<d p n n — Kfe«k Mse© gps a m 

Xv--;7°l 2 6T»j;l/-^>^{£J|]U (2. 048MHz) tC 

m^mm 2o©rf/i f gp^tc^ffl i^rcmcommy ja/Zv & o 

r*fSo •9->^ , ;l/M<@%Ap*3«fctJ t A p+1 i: U c A p ^ A p +it\ --IS:1£<D« 

^commx, tr— *&ta= p + Ap/ (Ap+Ap+i) ^i/^xtTi#p>n 

§0 fcfcfcfcf. A p =A p+1 ^££, tf— ^{Sffltep + O. 5Tfe§, 

U > W tf- * ^ g § 46 § c i: 3t^yf 

r J»3 i o tc}^ t> > c ci TisPfcU - ^ h oM^fV/ii^iiW^f rsns (/jri 3 
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±j£b3!}3[gT[3^bfd l ^M JIPfoG P 

h±©7>ftWlt, $#rt©m»£fc«8i&©G P S»^©G P S 
{a^^jM^G P S:i~<y ht-mit^c COfiW&T^^/WfcU iSBsSG P S 

> y ho/^y^rtcnata-rso cofet strati bfc&, ^n^y+mijuM-u 
a) aeniLfcT 1 -*^ g p sm^c^n^MJMt (pn) 



b) §707^?, x-^)ii^£t>-xvn<y ^ -HbTfin^rsc: tic 

^^W^illXfy ^fttSo ^77d >y ^i^P^te 1 PN71/ 



d ) MsBS^rX U bfc^»tMW5^^^r b"» 

OTiiifi^/E b , 85*Hit¥#x — ^©7n^ £51, b T tf- * b 

BIT, ^/:M^M/l'^^m^^-^>x^^^9 £G P s tj¥i(Dl$«i^.^^ 
•To 
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-'jxli (FFT) 7J\ £i#&#©&^fil£^ 
Mt&L7c&JHm^>-^>X^^ $ 1 

o «s fc, gps stia^ir u ^^$>^>^rwM^^MJSTiii!f^fc h ^ > y * 
gs 5 a mis^rim 5 b 4^gnmc £%>mm<D 2 oo^i*>j<to 2B 
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5 AMKmlT G P S -m m 5 O ltfGP S7>ft 5 O 1 a ^iffiL 
tGPSf,]!j^§f1-5o GPSgfNi5 0nt MOOGPSgiiT'J: 

F^7-t,'ifiifci»§ t; g p s»]^5 o i a, mv,mi\''}5 1 o 

o d ^^^^n^Jrof'fP^Jg^ 5 0 5 ti^E S>~;x £ 5 0 6 dd^J-T So tv^jL 

^-^tff^-^fa^iiix-^'fii^iiiis i i fc^frf-rso ^a^^5o 

6 3M{g«l5 0 3«Hm^§5 1 3^#^Sfci6, PS^tl/cjgg|55g»5 0 

5 ^e. l tcmnmmmm^-v k <y y ^ -it m^m^mmf- $ m^mm-r 

So mmm5 0 3 {£*B£jgMgfl 5 1 4^Ltf-?Ili^7 h 5 0 2 Kim. 

ti©7>ft5 0 3 a^LTGP S^l^^y h {CiHg£#S «fc 5 tlfi 
5 0 3(DlM1^»rr£o £(D-/j&~£\ G P S^M^y Mi F^^-tM^ 
SfMtSC £ ^O^Mfi GPS 501?, Is 6 KtC/Ts-T J; -5 

, gp s&wjol-v h<DmnmMm<DmiEKmm~?2>z£tfT?zz>, mmrnvm 

^5 AE3k:7nLrc£5&SiM&, iM^T^-r^ 5 0 4 a fcfl-LTiSPH^fcti 

t? Q r >-^t" 5 0 4 att i yr-rm^M k> (om^mmmt^mmt 
s c fc^i»$n5o &mwt5 o 4 h 5 o 2 Kmwfznz 

0 SQ-ajL— »y M£fi&fcjit)<Dri>t? i — £ • i/XfATil\ fflii-y F 5 0 
2te\ GPS«5 1 l^e>K'y^-fM J ?>ffi^MT f --^r^%^"r5 
FWJg$rcgfl5 1 2fe#C? 0 d©13l8«, 'Sfl5 0 4^U»a-7hfrf» 
L fc^OTMf ^^ffi^tFl^OMtcfsgifl-r S C t #? £ 5 o COf-^ 
flfin - «y h 5 0 2 ti, DOCRT^^fVX "TW^iS 5 0 8 

ns Q zyim^—v f 5 0 2 «\ fVxyu^ 5 0 s icw^^-rs^fc 
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WU-tZG I S (W.tr'f^^XT-A) V7h>)x7 (0IJ*fcf;*7 U 7*;l/-T*N S 
anta ClaraOStrategic Mapping, Inc. 

Atlas g i s) *^&±mmiimm so nc&mmztxz* -rvx-xw 

28 5 B 0&C^Tftm»,J&, !0 5 A m t \H) Vffif&TiM*^ < 1^tS 0 L/^Ls 
23 5 B g|<7)M«H^ 6£#ifli 0 CiMl U > * U >^ 5«} L F >y 
ItiMMfg^, *BS^gP5 5 S^IlT^al/-^ 5 0 6^fsji^nSo 85 5 

m&m<Dm&ftm&frzm£&m%%fot>m^T*%>z>o commm^m^s 5 1 

f?6[*J«, 85 1 Alloy >xr 2 4 £|i»oafi^>*;l/ • 7>ft6 0 1 

a 6 o 2 tti^n^o lOTta 6 0 2it &mn<D—o<DmMBmic£r)* 

M^»J«!& 6 0 3 tgi?tl§o aM^WJSUlHlSS 6 0 3 tiH^J 6 0 4?: 

0 5T\ C Oi^ 6 0 4^ tBSj&ggaP 608 ^/T b/c GPS ^gp^gjggg 6 0 6 
<DMjtit&?& 0 mm 6 0 5?bWfLrcJ:b$^S», Ji?£tfc3«§ 6 0 9 
£^*5 5^MffiiEf^6 1 om dOTafiT-, i§J»^« 6 0 9 10 
K&mffl6 1 2£riiLTG P SIM6 1 4-v J: O^MTUEiE^n^^ 

sp 3 9 sc «t o rmms 4 2ic >j-7, ^ntcm%^mmm t mm-efr d , s fc^a 

^4 2ttGPS7>ft6 1 3 tc^fec LTGPS l\ '>}%^lr4~Z> GPS MMHh 6 
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.e'i/^illjEt LTtH:5Sfcc«P6 1 0 a^lttO 1 AHlC^T D S Pf7^3 2 i: 

ifd«* dsp fli/Sjgas 620tcm^^ns o c 6 o 9 a 



, 4 2loJ;ri4 4^£?GPS^lA\ G P S fH^SfsfSo C^GPSi 
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G P StWXf-y^7 1 1 T?77V • ^7— «9gtCJKo/£:B$JC|nJfi|tC7 
;V • /W— ^t^/t^t'J 4 6rttvVy7 7?n§o X^yXVa >y MfilH 

, -~D(D'MimZWr?te, DSPf , y'/3 2 tcfcX;!/ • s J \ r 7—%:{Pk%a~$'%> £ hicfs. 

n3fi«flEtf D S Pf 7^3 2 a^jffi'/iniXT->y7°7 0 7 77/1/ • ^ 

ftir&m l A0T^-r^SfiJ^ait?tt, DSPf-y7°3 2©i;9 ^II^XfA(i 
, Xir>yX°7 1 9T7;I/-^7-WcjKotfe<tl\ Xf^T 5 / 2 1T\ GP 

si^ti, m30jc^-r<fc9^ ««taf)i«ti§o ^tc, gps 

0 ^Xf'y7"7 2 5T\ tf'A2 2 0lifflM«^ X-r>yX°7 2 7« 
ffifrG P Sf ^^S^ 1 O^^DM-r/c46tc, 7)]s • ^*7— 4*fl8fc:M5o 

EB^ti$6^fc^^jg^j:t>MjgMmH©M^f^G p sm j $<Dmmt>mT-?z> 



i(>f^iX- F^-T F (psuedolite) £ fcm&S £ X- F^Y h hOlMfH^^iffl 

g p s©«fc«i£ififlHSftfcs ns«jiiisj|^'e^$nft p n n- h 

'Sm^^t^ T* S «fc -5 s -MO P N n - F *<#J t) ^ T £> ft 5 0 X-K^Ki 
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^±©«| f Mt?«. ^PJJ^|i^ffiMiJfM$j>I (GPS) i/XfAT©lllM 

fc^OWcnS/TOG 1 o n a s s ->XxA&c fe |riJ^tCjjSffl*e#5 C fctiWfi*? 
G 1 o n a s s ^XirA& s 3^ ^^iM^n- F^f fflt^Ot 

^-^ifjE^^ffi^-a-^^C fc#*t?#5o 1 Ft 

SJ fcl/^-5ffl|gf±, P^7«G 1 o n a s s^XfA^^ CKDJ: 

U<y^ (tfijxjf^' 1 km<DA 6, 32, 34, 26. 30. 28) ^^tt\ C 
cd^h >y ^O^O7b^/c^^^m -^^0^tc^L73:^P>, iKDi; 3 

S P^7j v ^7°n^^AwJt^fi®«W^C ^^rJI^^nfct^o c^J;^ 

jA^tifc MnWV'M j'T- t^ci: * JEft¥ $ tifc l \ W\ x. If. 7n>y^l0 8<D K *y 
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LT*>«fcV\> 3:7c, 1 ■CKDWth^-v hlcm^frcDD S P^-imcfsgJTJLT, 5!! 
mXi)y%k% < lt!)i;t\ 3: 7c, GPSf-^ U b L o 7 U- AcD*£2&-te v h ^ 

^iiicom^^rfey^ h u-^a > • ^x-xA^isltco h p 

— is 3 y - S/Xt"/*^ GEC Plessey Semiconductor 
sfr%(DG P STy^r-r^oXUR -Vm^tl, Gage Applie 

d Sciences, Inc. ©fV^^-f f • ^777 • 4^- F^i<„ 7 
>T-f-*5cfcc55iMg§ti, 1 AglcDl$££3 8. 4 0, 4 2 feet XJ 4 4^?tU 

rVv^-flf - ^yyritm l Al©ii4 4, 4 6£>J;rjh4 S^trT^o ft 

• x--r^n7°n-fe>y-9-^{$ffl-r^, I BM P C S$r>X^r AT^t L7c 0 £ 
n«\ D S P7^7°3 2*5&Zf**:Vm2im%5 3 4 (DmWk^- =al/-Mfc 0 

X h7i7i«ti, tfAfcJ:tf7^^07 , o-b7^2 2. 2 4, 2 5, 2 
6 (Dit^x =iU-hb/Co 
£<Dir^>X h > • '>XfA(D7/l/aUXA«, MATLAB7°P^ 

^ ^ y^fmm^m lti%l/c 0 ^&^m^HT^t#L/c3i<D gps fa^-e 
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A-PPENT3IX A 



f UEct ion (sv, p range r 6tiriti,6Droat , svdopplc r r out data ] = 

gps ( filename ,sratc, codes , dapple r f nojjrcd, camclcraogc ) 

I 

% function 

% ( s v , pr anqe, snrin, snrout , e vdopple r , outdata ] —gps { filename , BCflte , codes , d op pier , 

Ingjjred , sajnplerange ) 

X 

% H. Krasner Feb. 20, 1996. 

% OPrecisinn Tracking, Inc., San Jose, CA. 95117 
% 

%This function processes digitized data and provides pseudoranges as outputs 

Uogether with other statistical quanitites, as described below. 

t 

IData to be processed is stored in a file named ' filename*. 
% 

%This function works on data from Gage digitizer at either cample rate 

13X2.048 H9z (if srate»«0) or at sample rate 6X2,048 KHz (if sraie"]) . 

twhere it is assumed that If ia 35.42 - ( 1400 / 4 5 ) *=4 - 308889 KB z . 

%The following are def initiono of inputs and outputs of the routine: 

1 

%Codes are the SV numbers; if codes-0, then all codes will be used; 
% 

tDoppler - (dopper(l) doppler(2| . doppler(n) open | r specifies the mean 

Idoppler of each of the n satellite plus a span to be searched over; if opan 
Us missing or = 0l, then search is only done at the specified dopplers . 
tAn algorithm is used to select the quantization size of doppler seeps - 
tin some cases even if cpan is nonzero, only one doppler frequency per 
satellite %will be used. The aearch range is ~span relative to each doppler. 
\ 

% no o red is number of predetection frames 
\ 

1A11 data in the file is processed if eomplerange is deleted. Eowever, if 
tit ia present it is two value and has the notation : 
\ camplerange= [ lower_index , uppe r__i ndex ] ; 

\If these indices are not within range of that provided in the gage file, 
%then an error message is provided. 

tDefaulto ere: if doppler has only one value, then doppicr^apan *-'ill be zero 
\ if nojjostd is not specified, then all data will be used 

\ if na_pred is not specified, then pred will be eez to 9 

\ if no ored is specified, then noj>ostd mUBt be specified 

\ 

^Outputs are codenumbers, pseudr enge 3 , srurs and beat doppler 

With the pseudoranges expressed in r.sec and sn-ra in d3 . 

%A signal peak must exceed 15 dJ9 threshold for detection. Aj\ 

% interpolation algorithm i 9 used to determine signal peak location. 

II f no codes are found, the the returned function will be ell zeros. 

\ 

TiCutdata is o vector of erze 2 0 4 8 that represents the output nigr.ai pLus 
Inoifle after po s tde tec t ion integration for each detected oatellice ^chicLc, 
>,for the best doppler. This dat^ «a a used to find pgoudcrangca 

7 

i.First open the filo and find the buffersizc and ir.zicea to 
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^process, which may be all data if not specified in input arguments 
( f i lev a Is , rate } -qa^eoper. ( filename ) ; 

buf fsiz€=filevai3< 3) ; ^total r.uniber of samples in file 

i £ nargi n==6 , 

lover_index-s^plerange ( 1 ) ; u pper _index -sampler a ngs ( 2 ) ; 
if upper_index> buff size- 1 , 

error (' Samp lerange is out of bounds'); 

end 
else , 

lo^er_index-0 ; upper index«bu f f size- 1 ; 

end 

%%% 

%Now find number of doppler bins; the center of these bins are 

%called dopps and they are referenced to the center of the input dopplers 

if len«gth( doppler ) —length ( codes ) , span==0; 
elseif ler.gth( doppler )== length ( codes ) + 1 , 

cpen=doppler ( length ( codes ) +i ) ; 
else , 

error{ 'Length of doppler vector must equal length of codes, c: I more); 

end 

if npan<0, error ( * Span r.ust be greater than zero'); end 
if crot.e = = 0 , s_per_f r eorie = 6 ; el ee , s_per_f r t^e^l 2 ; end 

if norqin«»3, no^pred-nvin ( 9 , f ix ( bu f f s ize/ { 1 0 2 4 - e_perf rcme | ) ) ; end 
no_posrd=fix(buf fsize/ ( no_pred* 1024 • n_per_f r ame ) ) ; 

.if no_pred<l, error (* Number of predetection frames ir.udt be at least l*);end 
if najpoatd<l, error { ' Nunbe r of poatdetectioa frames mus z be at least )*);end 

deltaf = ( 1 /3 ) * 1 000/no_pred; %yields about 1.5 d3 loss which io made up 

Worst cage by tuo independent detections for 
fcwhen true freq io midway between bins 

if spcn<deltof , 

doppe=0; ino need t o quantize doppler 

else . 

dopps K ( 0 : -delta f : -span ) ; 

d oops 51 sort ( ( dopps deltaf : delta f : span ] ] ; 

end 

\\% 

tNou get the TTT of codes and put them in a matrix of gite length ( codes ) X20 < 3 

if codea==0, codes= I : 2 9 ; end % search all codes in this case 

codeormyieros ( lenqth{ codes J , 2 04 8 ) ; 
for k- 1 : length { codes ) f 

codec- ray ( k, : ) « gp D_re a amp led ( codes ( k ] ) ; 

end 

III 

11 n the following input data in blocks equal to a number of ?V 

1 frames ecru a L to no _p r c d . For c.xar.ple if no_pred=7, the the nurriacr 
^of camples frcn the gage i^ 2048 • 3 • 7-4 3003 , ao that in thto coa: 
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%a rul 1 4 Mbyte collectiaa would take about: 9 3 iterations. Each 
Alteration then performs the pre d s a "t i o n , cross-correlation, naq- 
% squared operation and surxiation with previous blocks for ail dcpplers 
Und ail satellite vehicles specified. 



blocksize~1024* sj>er__f rame • no_pi:ed; 

■€tart^lo«er_index-blocksiz€ ; 
Ic-length ( codes ) ; Id- length ( dopps ) ; 
prdota= zeros ( lc* Id, 2 0 4 8) ; 

no_blockB=fix ( (bufisize-10' sj)er_f rame } /blocks ize) ; 
Bftjnples 



textra 6Q or 120 



%for overlap-cave allows in\pulGe responae to 
*60 or 120; see if_2Jt>ase m-file 



for n*l :no_blocks, 

star t = s tart + blocks ize; 
(data, count | -gageread { fi leva Is 
data=i C_2_bo.se ( data , srate) ; 



' s_per_f r ame ) ; 
baseband and decimates to 



start , blocks ize+ 10 • 

iConverts data to 
12.048 KB 2: 

data-data( 2 1 ; 2 0+2 0 4 8 * no_p red ) ; ^reject edge effect data [overlaps save) 
for k~l:lc, ^Iterate over SV 

ref =codearroy ( k, : ) ; %code to be used for 5V code{k) 

for d=l:ld, ^Iterate over dopplers 

df-doppler ( k)+dopps(d ) ; 

rdata=data . 'exp{ -}-2-pi'df*{0:2048* no__prod- i ] /2 .04 8e6 ) ; 

rdata = siLT( reshape( rdata , 2048 , no^pred ) ' ) ; %does prcd flinmation 

rda ta=£ f t ( rdota ) . * ref ; %does matched filter 

^compensate for tine clip per block which ia fdopp/fa txme3 time 
tnoting that fdoop/fo ia doppler time slip per second 

t j_meslip~l e-3 • no _pred *df/1575.42e6; 

phase=exp(-j * 2 * pr * t ime s lip- ( n- 1 ) • ( 0 : 102 4 J • 1 e 3 ) ; 

rdato{ 1 : 10 25 )«r data ( 1:1025) - *pho^e ; 

rdato ( 102 6 : 204 8 |«rdata( 1026:2048) . 'con j( phase { 102 4 : ~1 : 2 ) ) ; 
rda tariff t{ rdata ) ; 

rdata»real{ rdota) . *2-^imag(rdota) *~ 2 ; %Tnagnitude 
prdata( (k-1) *ld+d, : )=prdata( ( k- 1 ) ' ld + d , : ) + rdata ; 



end 



end 



end 



sv^=( ] ; , prange=[ 1 ; , cnrin=( } ; snrout=( ] ; «vdopper=( ] ;outdata=( ) ; 
*Nov we look for peaks exceeding threshold 

for k=*l;lc r % look at ail S V a and dopps 

3-prdata { (k-1 ) • ld+( 1 : id] , : ) ; %data matrix for ovifk end all dopplern 
:-z-fnecn(meon| r) ) ; 

noiae=sqrt (raean(nean ( z . " 2 ) ) ) ; %cooreo noise ms 

threshold's . 1 * noise ; 

%yield3 ?f a less than per uoing all 

"429 dv'g ar.d 10 dopplero per SV 

mdt = find(z<threshold) ; 

noioe-sqrt <mean<mean ( z ( indt ) . " 2 ) ) ) ; trcf incd r.a :dc getting rid of oic^n/ 
d-e + 0 . 2 \t.cx (-rotate ( z , - 1 | ,nurota :e ( z , 1 ) ) ; ».dctc;:.or. otot. cli.-7J.r- a ting 

I picket fcr.ic problem 
f — axd , i r.dd j =wa x ( d ' ) ; Uincn max and locaLior. for each doppler 
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(r.axsv,indsv]=7n2x(maxd); %find global p«ak for this sv 

if maxsv>thresh3id, Hhen -e detect this sv J 

:=(raax5v/noise]-2; ipeak to noise av a y from peak 

snin=sqrt(r/(no_?red-2 t no_j3astd) ) ; %snrin via N.K analysis 

snr:n=(snrin LO * loglO ( cnin] J ; 

% now f i r.d snrout at peak 
snout=* ( no_pred~ 2 * r.o_postd) *snin~2/ ( 1 +2 *noj>rcd*snir.) ; ^ia N - rC ar.al. 
5P-OUt=(snrout 10 # log!0( snout) | ; 

sv= | codes ( k ) ] ; 

d=z. ( indsv, : ) ; 4datA far beat doppler 

outdata=(outdata d|; 

svdoppler»( svdoppler doppler { k ) +dopps ( indsv ) } ; tbest dopplec 
indO=indd ( indsv ) ; ibest sarole for best 

indsO= ( indO-4 : indO-M ] ; tblock of 5 data samples about indO; 
mnds = iind { indsO<«0 ) ; 
pinds=find(inds0>204a) ; 

if lengi:h(ninds)>0, Ikeep data to interpolate within range 

indsO(ninds ) =ind s 0 ( ninds )-*204 8 ; 
el self length (pinds ) >0 , 

indsO (pinds ) =inds0 (pinds ) -204 8 ; 

end 

dint«interp(d( indsO ) , 10) ; %go to rate 20 HBz 
dint=interp(dint, 10 ) ; Igo to rate 200 KHn 

dint-interp(dint, 5 } ; tgo to rate 1 C3z 

( ajn&x , imax J=^ax( dint ) ; %£ind max 

indmax=min( i ind ( dint^O . 8 - ojnax ) } ; fcmax obo^/e 90^ 

indO+(in<±nax-2001)/500; tpseucorange in samples 
if tmax> = 2048, 

tmax=fnax-204 8 ; 
eiseif tunax<0 f 

tr,ax- t.na x+2 04 6; 

end 

t_-^GX^ tmax" 500 ; %pseudorange in u^ito of nsec 

prange=( prange tmax); 

end 

end 

if length ( sv ) ~=0 , %then there "ere no detections 

6^0 ; prange =0 ; ; onxout^O ; a vdoppler = 0 ; ou tea t a = 0 ; 

end 

f cloae( ' all " } ; 



function j-5pscodcs(flua) 
^.y^gpscodes ( nura ) 

n It. F.rooner Jan. 22, 1996. 

X ^Precision Tracking. Inc., San Joae. . 9 5 L L "7 
\ 

^Returns all 1023 bit codes associated -ith oatellite in an 
•erray y of cue 37x1023- Each ro~ io the code aasoc^at^d 
\uith the oateLlite having the corresponding ID nur-ie:. Thnt 
'Mn :ov I is the ?M (GoLd) code o£ oatcllite L . etc. 
\ 

lit nur-. io opacified then only one code with then n~--or? r 
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^returned 

yl*?ngen( {3,10]. lD23 r ones( 1,10)); 
y2e?ngen( (2, 3, 6,3, 9, 10], 1023, ones( 1,10)); 

delays* (5, 6 7 , 8 , I 7 , 18 , I 39 , 1 40 , 1 4 1 , 2 5 1 , 2 52 , 254 , 25S , 2 55 r 257 , 2 5 LI ] ; 
delays=( delays ,4 69,410,471,472,47 3,474, 50 9 512 , 5 1 3 , 5 1 4 , 515 , 5 1 6 
rfelays-[ delays , 859 960 961 862 G63 950 947 948 950 ]; 

if nargin==0, 

for K= 1 : length ( delays ) , 

y(fc, : )=xor(yl, rotate (y2, del ays (k) ) ) ; 

end 
else , 

y-xor (yl,rotate(y2, delays! nam) ) ) ; 
end 



function f c gps_CCmp{codcnumJ>cr) 
% N. Krasner Feb. 16, 1996. 

% OPrecision Tracking, Inc., San Jose, CA . 95117 

^ 

tReturns the resampled Fourier transform of specified 1023 bit 

%G?S code, resrunpled to at rate 2048 )C9z and weighted 

lui th a * Bine " function to emulate the tranofor^ of the 

^sequences consisting of a set of ocruare pulcee, which 

Mo ideally bandpass filtered to the first nulla (-1023 kJ3z). 

% 

%lt codenumber is 0, then all crps codes are returned in fl matrix 

tof size 37X2048. 

I 

tTho transformed data contains real and imaginar-y co.T.ponenta 
teoch of which is rounded to 4 bit oigned integero in the range 
%(-7,7). This is the farm ntored in FPROM . Thio qu unitization 
tiTiin iraizeg required storage, but results in negligible lose of 
Iperfomuince . 
% 

Ihs in the function gpscodes, the returned value contains 37 
Iroug each corresponding to the corresponding GPS code (row 1 
^contains code 1, etc.) if all codes are reque 9 ted .£ ach row i 3 
%of length 2048 and, as stated above contains complex wo:do whose 
Icompo.Tients are integers in the range (-15,15]. 
% 

%Note that thiB function calls the function gpscodes to create 
%th~ various Gold cades. 

if codenumber==0, 

eiee , 

y^gpscades ( codenurrvbe r \ ; 

er;d 

returns matrix 37X1023 of G?S codeg 
2 * v - 1 ; tcor.ver: to =1 



i 1 coder, urrCs e r - = 0 , 
;-uerQO( 37 , 2048 ) ; 
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for k=l-'37, 

fyl-f ft(stre-ch(y(k, : ) ,2) ] ; 

£yll«[fyl ( 1 : 1024) . -sine( [ 0 : 1023 J/1023) 0 0J; 

£ yl l-[ fyll £yi ( 102 5 : 2045 ) , * sine ( ( 1022 :- 1 : 1 ) / 1023 ) J ; 

2 { k, : ) =conj ( iyl 1 ) ; % need, conjugate for matched filter 
end 
else , 

fyl=f£t{strctch{y,2 ) ) ; 

£yll = (fy 1(1:1024).* sine ((0:1 02 31/1 02 3) 0 0); 
fyll«{ f yll £yL ( L025 : 2046 ) . - sinc( [1022 :-i:lJ/ 1023)); 
z -can j ( f y 1 1 ) ; %need conjugate for matched filler 
end 
end 

z«round( -z /20 ) ; Uince max is 171.9 but £ew v Q lue3 are above 140 
rz-mia( real ( z ) , 7 ) ; ::=wax( rz , -7 ) ; I limit range 
iz=min( imag( z) , 7 ) - iz=max(iz , -7 ) ; llijnit range 
:=ri + j *iz ; 



function dato_out*i £_2_bo6c ( dntn^in , rate ) 

tdata_out-if _2_base(data_in ) 

1 

* !1 . Krasner Feb. 20, 1996. 

1 ©Precision Tracking, Inc., San Jose, CA . 95117 

\ 

% 

\ I f rate is missing or equal3 0, then the input rate io aaaumed 
Uo be 3«2048 k3 z . If rate equals 1, then it is 6-204B kHz. 
\ 

^Converts data from GAGT digitizer sampled at either 3*2048 kBz 

tor 6*2048 JcSz with IF 6.144 KHz (3*2. 048} centered at 

t35.42 -{ 1400/45 )=4 .309899 K3z to a complex (I,Q) stream 

lot data with 6ample rate 2.048 H3z centered at 0 

'.frequency (nominally) . This routine does not co^.penoote for 

Uny dopoler shifts on 5V"b, nor any LO drif tG . Note that the output 

^datfl length is either 1/3 or 2/3 that of the input. 

if nargin=-l, ratc=0 ; end 

ifreq = 35.42 - (1400/45); %in KHz 

if rnt«=«=*Q, kase where scmple rate is 3*2048 kHz 

eraLe-3 * 2 . 048 ; % in H3z %ganple rate for GAGS 

{ u , v ) =size ( data_in ) ; if u>v; da ta_in«da ta_in * ; end ; ld= length ( da ta_in ) ; 
c=exp(- j* 2 * pi* ( 0 : Id- 1 J *if req/erate ) ; %LO 

data_out-datfljn.'c; clear data_in c ^convert to 0 

h=firl{50, .9/3 .072 ) ; 

data^out'f ilter ( h, 1 , data-out ) ; % f liter to =1 K9z 

dctc_out"dato_out(l:3:ld) ; %decimatc to yield 2.049 M2z ©rate 

else, kase where sample ra;e is 6*2048 kEr 

arote=6 ■ 2 . 048 ; % in MHz 

( u , v ] =size ( do t a_in J ; i f u>v ; da ta_ir\=da ta_in ' ; end ; id - 1 ength ( datn_in ) ; 
c-exp (- j • 2* pi * ( 0 : Id- 1 } ' if req/srate ) ; XLO 

da ta_cut-data_j.n . *c ; clear dcta_ir. c ^convert to 0 

h^fir 1{ 100, .9/5 . 144 ) ; 

da te_ou t=tilter ( h , i t da tn_ou t ) ; ^filter to - 1 "JZz 

daCi_ou:-dato_out( i : 6 : Id ] ; Idccimotc to yicid 2.0-13 K0: orate 
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end 



function y=orotatc(i,ia) 

^y=TnrDtate(x,m) ; matrix rotation by m units 
1 

* N. Rrasner Feb. 20 , 1996. 

% OPrecisian Tracking, Inc., San Jose, CA . 95117 

round (m) ; 
-m«rem(ni, Ix) ; 
if m>0, 

y-[x{ : , lx-m+1 :lx) x( : , 1 :lx-m) ] ; 
el self tt\<0 # 

y= { x ( : , 1 -m : Ix ) x ( : . 1 : -m ) ) ; 
else , 

y-x; 

end 



function y«T>nqcn ( taps , npts , fill ) 

tpngen ( taps , npts , fill ) 

X 

X V. y.rasner Feb. 13, 1995. 

t ONoman F- Krasner, Son Carlos, CA. 94070 
% 

\ PNGZH generates "npts" number of points of the peueco random 

X sequence defined by a shift register of length n with feedback 

taps 

t 'taps' and initial fill 'fill*. PN(npts, taps, 

fill] returns a 

t vector of length npts containing this eecticnce. 

X A typical example [1,6,6,14] for Fl 1 4 , fill-|l 

teros (1,13)] 

^ 

X If a single number ia given in "taps" it is interpreted as 

I the octal value specifying the taps, as in Peterson and Weldon. 

for 

% exanrple a code 2767 (octal} = 010 111 110 111. We delete the 

leading 0 

1 to get the polynomial 10 111 110 111- The feedback topo for this 

case 

X ore found by ignoring the first one and choosing the remaining 
"ones " 

% to g«»t position. Foir this cose the tops are thus 7 3 4 5 6 B 9 10. 

if Length ( tape )-~l , 

tnpg = Hprintf ( * % . Of * , taps ) ; ntapa* ( } ; 



it taps ( 1 ) « ' 
elsei f taps { 1 
elsei f taps [ 1 
elsei f tap 9 ( 1 
elsei f top 3 ( 1 
elsei f taps ( 1 
eleei f top o ( 1 
end 



' . ntnpg= ( I 1 : 

== • 2 ' , ntap3= (10); 

' 3 ' , ntapg=( 11); 
-- • C " , ntap 3= ( 10 0); 
"'V, n t a p g = ( 1 0 1 ) ; 
-« * 6 ' , n tops= ( 1 L D ] ; 

ntaps-( 1 L ! ] ; 
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for k=2 : length { taps ) 



if 


taps(k)== 


•o • 


, r.taps 3 


(ntaps 


0 


0 


0 


] 


elsei f 


taps ( k ) « 


1 L ' 


, neaps* 


[ ntaps 


0 


0 


1 


] 


else i f 


taps ( k ) -™ 


' 2 * 


, ntaps= 


{ ntaps 


0 


I 


0 


) 


elsei f 


taps ( k )~ = 


* 3* 


, ntaps= 


( ntaps 


0 


1 


1 


] 


elseif 


taps(k)" 


' I ■ 


, ntaps- 


[ ntaps 


1 


0 


0 


) 


elsei f 


taps ( k ) = = 


* 5 ' 


, ntaps- 


( ntaps 


1 


0 


1 


3 


elseif 


taps ( k) -= 


' 6 " 


, ntaps= 


{ ntaps 


1 


1 


0 


1 


eiseif 


taps(k)== 


• 7 ' 


, ntaps* 


{ ntaps 


1 


1 


1 


] 



end 



end 

ntaps( 1 ) -( ) ; 
taps-find( ntaps ) ; 

end 

n-roax ( taps ) ; 

if nargin<=2. fill=[ 1 zeros ( 1 , n- 1 ) | ; end 

if nargin—L, npts- { 2 " n ) -1 ; end 

y = zeros ( 1 , npts ) ; 

x ~ zeros { 1 , n ) ; 

x = filH lencrth< fill) :-l s 1 ) ; 

for i=l :npts 

y(i) = x(n) ; 

)c=[ rem( sum(x( taps) ) , 2 ) , x ( 1 : n-1 ) | : 

end 



function [ f ilc^tals, erunplc rate ] ** gog^ o p^z n ( f |lcana<: ) 

\ Read qage formatted file, with particular number ot cample3 
1 function {fiie__vals, samplerate] - ga geopen ( t i lenamc \ 

X 

X B_ Wilson Jon. 13, 1996. 

X ©Precision Tracking, Inc., Son Jose, CA . 95117 
file_vale(l) - £open( filename, ' r ' ) ; 

( a anple_r ate , eomple_depth „ head_vala, operationjnode j = 
rdgghead( !ile_vals ( 1 ) ) ; 

file_valo(2) = opera tion__mode ; 

file_vala(3) «* eomple^dept h ; 

f ilc_vals ( 4 : 6 ) - head_val 3 ( 1 : 3 ) 

function ( bu f , count] -= gage read ( file^als , atnrt , nvx=aamplce ) 

^ Rend gage formatted file, vrj.th particular number of sarr-plea 

\ function [buf, count] « gegeread( file_vala , start: , numsamples ) 

\ S- Wilson Jan. 13, 1996. 

\ GPreciBion Tracking, Inc., San Jose, CA . 95117 

\ fii«s_vals 

\ I - file id 

X 2 - opcr ation_mode - if - 1 ; file is memory imago interleave 

camol o_dep th long; -2 memory image 
\ 3 - oamplc_depth 
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r.s2 = numsajno le s / 2 ; 
fid * file_v&ls ( 1 ) ; 
if ( fiie_vals(2 ) — 2) 

buf - zeros ( nixasarcples . 1 ) ; 

fresult = f seek ( fid , 5 1 2 + start , - 1 ) ; % move to requested point in 
data portion of file 

[buf, count) = fread{fid, nunsa.T,ple3, 'uchar'J; 

else 

buf = zeroa(ns2 ( 2) ; 

fresult = f seek ( f id, 5 12 + ( a tart/2 ) , - I ) ; % move to requested 
point in data portion of file 

(buf(:,l), cl) - fread(fid, ns2, 'uchar']; 

fresult = fseefc ( fid , SI 2 + ( start/2 } + f ile__vala ( 3) 1 ) ; t move to 
BANK 3, portion of mejnory image 

(buf(:,2), c2] » £read(fid, ns2 , 'uchar']; 
count — c 1 + c2 ; 

buf = reshape ( buf ' r numsttrr.pl es , 1 ) ; 

end 
t 

buf ~ buf - 128; 



function [ SiixDplc^ratc , e mnple_dcp th , bcad^vaio , opera tiou_taodc ] - 
rdgghead( fid) 

1 Read gage formatted header 
% B . Wilson Jon. 13, 2996. 

t CPrecision Tr-aching, lac. f San Jose, CA . 95117 
\ 

t 

tsamplc_rote « 

( 1,2,5 , 10,20,50, 100, 200,500, 10 00 , 2000 , SO 00, 10000, 20000, 500 00 ] ; 
anmple_rote__*able " 

f 1,2,4,5, 10,12.5,20, 25,30,40,50, 60, 100, 120, 125, 150,200,250 ) - 
% 

fresult = feee)c( f id, 0, -1 ) ; I rewind the file 

X 

trnp * f read { t id , 1 4 , ' char ' ) ; 
s =» « etatr ( tmp ' ) ; 

fresult «= £aeeJc(*id, 16,-1) ; I move to name variable 
tnp = £ read ( t id , 9 , ' char ' ) ; 
anane *= act s tr { tmp ' ) ; 

fresult - f ecek( fid, 2G7 , -1 ) ; \ mgve to index to cample rote table 
variable 

saKiplc_rate_index = fread< fid , 1 , ' int 1 5 * ) ; 

if ( na^ple_rate_index - - 4 2) \ C2 Id -external' 

Bo.-nplo_rn te = -I; 

-else 

eomplo rof2 = g am plc_ra t,c_'abie ( o asr. p 1 o _r e :g index - 17); 

end 
\ 

t result: = t seek | fid, 289, - L); move to index tic operation mode vcriable 

cpe : 3 tian_nod« = t r^od ( t id , I , ' i r. - 1 6 ' ) 
W if ( opera rion_mode =- 1) 
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%% saraple^rate - sampie_rete / 2; 

^% end 

% 

f result = f see>H fid, 301 , - 1 ) ; % tnove to sajr.ple_de?th variable 
sam.pl e_depth = f r ead ( t id , 1 , * int3 2 ' ) 
if ( operation_node - = 1) 

sample_depth - sampl e^depth / 2 * seems like a 'bug- to me 

if (sa-T.pleJepth — 4 194304 ) 

eaitple_de?th - oample_depth / 2 

end 

end ; 
X 

f result. = f ceek( f id, 313 , -1 ) ; t move to Gtflrting__address 

head_vais » f read ( f id , 3 , ' int 3 2 ' ) ; 

% 

fresult = fseek { f id , 3 3 9 , - 1 ) ; % move to sample_depth variable 

resolutior\_12_bits *= fread( fid, 1 , ' intlfi ' ) ; 

% 

fresult ^ f seek( f id, 345, -1 ) ; * move to 6ample_depth variable 

sample^cf f set = f read ( f id , 1 , " int 1 6 ' ) ; 

1 

fresult - fseek(fid, 349,-1) ; move to sample_dcpth variable 

85L-nple_bits = fread ( fid , I , * int 1 6 1 ) ; 

function y-rottttc(x < q) 

%y— ro t* te ( x , q ) 

tRoratea vector by q places 

t N. Krasner Nov . 28, 1995. 

t ONorcian Kraoner , San Carlos, CA- 94070 

tlf q is deleted this rotates a vector by interchanging the first and 
lost half 

lof the vector. If the vector is odd in length the mid point is 

lolaced at the beginning of the new vector. 

\ 

\l£ q is present and >0 this rotates the vector x right by q positions; 
e.g. 

*if x~(l 10 1 0], then rotate(x P Z) yields y» ( 1 0 110]. If q is <0 
the n 

*th_is rotates x to the left. 

(m,nj~3ize(x) ; rrji~max(m, n ) ; 
if nargicJ> 1 , q=rem ( q , run) ; end 

if m>l z. n> I , exror( 'ThJ.3 function works only for vectors, not 
matrices . ' ) ; end 
if rr> 1 , x-x * ; end 

i t norgin = -l , 

if r em ( mn , 2 ] ==0 , 

pivots 1 -frm/2 ; 
else pi vot = ( mn+ 1 ) / 2 ; 
end 

y-a { x { pivot :mn ) x ( 1 : pivot- 1 )] ; 
clacif aba(q)>0 , 

if q<0, q'q+nu;cnd tfix for ahifta left 

x (rrj^-q-^ 1 :~.n ) x( I :mn-q) | ; 
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else y=x; 
end 

end 

if n\>l , y^y ' ; end 

function i*?iiic(i) 
%7 = sir.c(x) 

f N - F.rasner April 21, 1991 

% ONornan Krasner, San Carlos, CA . 94070 

% 

^Definition: sinc(x) « sin ( pi * x ) / ( pi *x J , uhere x is a vector /matrix . 
tsinc(x) c l if x=0 

indl=*find(x^=0) ; 
ind2*=f ind(x-°0 ) ; 
z = x; 

x { indl )=ones ( 1 , length ( indl ) ) ; 
x(ind2)-sin(pi*x(ind2) ) . / { pi • x ( ind2 ) J; 
z ( : ) ~x ; 



Xu_nctioD t-Ht re tch (signal , p-criod ) 
I fane x ion z=etretch (signal , period) 

\ N . Rrcsner March 12, 1995 

\ ONoman Krasner, Sen Carloa, CA . 94070 

tThis function stretchs a signal by replacing each element 
Iwith n identical elements; . ni is specified by "period.' 

[u,v)«size{signal) ; 

if u>l & v>l error ('This function works only for vector inputa. ' ) ; end 

if u>l, oigna l = siqna 1 * ; end 

a=ones ( period , 1 ) • signal ; 

z = a ( : ) ' ;z=conj ( z ) ; 

if u>L, z~conj ( z ' ) ; end 



fuuctioQ y-ocor(o f b) ; 
% fur.ction yxor(a,b) ; 

^Exclusive or, term by term, of t'^o vectors 
\ \\. Krasner June 13, 1994 

\ ONooan Krosner, Son Carlos, CA . 94070 



y-(*t-b ) ( (bi-n); 
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remote sensor, the remote sensor neasures pseudoranges, and 
consequently calculates Its position using the pseudoranges , the 
ephemeri s and Doppler data. 

2. Claims 11, 34-37, 50, 58-60, 153-L55, 160-162, 164, 168, 173-175 
are directed to the position determination of a remote sensor using 
the GPS system, whereby the measurements are made solely at the 
remote sensor, then transmitted to a base station, where the 
position is calculated. 

3. Claim 38 is directed to a computer readable medium containing a 
computer program having executable code for a GPS receiver. 

4. Claims 9, 63-124, 126-138 are directed to power management for a 
GPS receiver In order to reduce the consumed power of the GPS 
receiver. 

5. Claims 6, 7, 51, 61, 62, 125, 178-195, 197-203 are directed to 
calibrating a local oscillator in a mobile GPS receiver by receiving 
a reference signal from a base station via a communication link. 

6. Claims 10, 144, 196 are directed to the position determination 

of a remote unit, whereby the measurements are partially made at the 
base station, Doppler and ephemerls measurements, and partially at 
the remote unit, pseudorange measurements; the measurements of the 
remote unit are transmitted to the base station, where position 
calculation takes place. 
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t ■ 

-TSfU <D^36>e>|R2<7>^lci£«$-e:5, GP SM$iU§i£&m^4 I PfaM}fe»: 
MM£^^5^i^^f2S:m^<£>i^JfEG P SS^BKiii&^&frfcS^tfffitll&^&oT, 
MISGP S«*Sr«ya-t"5*:«)K:, SulH^V ^/KZ>*a*st&|E^ ^ I? {c|Bt!i* 
tvftW^ HuiB^n-fery-^jcioTmit^ttsm^Sr, Sulci G P S '(B-^-^r^'fs't" 

135. jtutaGP s^i&^-y h^^^^j-fcofc^, stjfBm^wats] 
^m^m^m-tn^m 133 (c§b^<dg p s&m=<-~ y k 
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jo J: rim 2 <d mm n s.&mn ^icx mm \zmm zthzmti 

£#x.5!i;£ill 3 2{c:fa^coGP s^-i&j-^^ h 0 

138. jtfjfBm^SlalS&fi, v^^ayn-feyffeitJtlMS^^s/f 
§r{lx.Sft*^l 3 2^fEgc<DGP S&M^~V ho 

13 9. Hufsm^WSS^tt, -^/Hf 

2f31|E«cCOGP S^Hj^-^^ h„ 

140. mzmti'gmm&tez fbt^ wtem*M^a^^§tbfc»^m 

iE*^ ^^-^^^Sft^ril 3 9{^f2^GP S^»J^=2/ h„ 

14 1. fulEGP S&itm<DnR\*!^hZ)ffim<D tiffl&iS 
tf-WMv*— ^fiSr«Sr^-t-S®{SfflSft«ISrffll^.Sf»^l 3 2 KifEifcOG P S 

14 2. ifr|5GPS^lfj^--y hiS«^7^£*fcR*lc&ofc«, MIB^WSHJ 
SSfi, BfjfBGP s^IJj^---> h^m^M»tg^O^^Mi-ft*^l 3 2fz:fBgcc75 

14 3. Mco^^CM^^i-^-^^-^^M^-^ff^Sr^ff-rS 
iimffl^f^^ilx.5f*^l 3 2Cfat©GPStlJ^-y he 

144. iiuf5:/nir;y-!m s mtiG P S ft-^-»HtilET f -r ^^/^(Dmm^M^^: 
^M-^%^ff? ^t\Z.X. K> fulBGP Sfff-5§-£M31-r§»*Jgl 3 2t^lE*£CQG 
P S&m^-~y h 0 

14 5. MffiGP S{f ^(75^12^ ^ ^^/VO^^ffffS^^y (3l|SttL7c^. 

tuffi^:{Sa^J:o-C^#^ns«^^l£^^-&5lf*35l 4 4{'Ef(DGPSf 
ifj-^— ^ ho 

14 6. SfjIE^illM^-ii^-^^T^ SufC iufBGP Sja-^-iDtulE^V^^/V 
^^^^i-^M^a^^fT^nSIS^rfl 4 4Mf2gc<7>GP h 
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14 7. lffifBrtj£*^&**3*&fTofc&fc, lSWH!*ft**-3&*ai[||tOM*IC 

148. iii¥fft«t5, ButesmafcM^^tbfc^^ 

14 9. ^iGPSSfti^i^^-a^^hSrtU StlfB^itiGP Sf 
ff^fim^Jte^^S^^i-SGP S v'^-MCjoV^T, GP S^rA^l^t 

^»3G p s ^mmxmm^n^^mism-^^m-t^^T v -ft 

gp s^-*— f&i&M&xmzm^, buibgp sf- ? zmMistcm^mm&W] 

GP S<ff -^y*— ?<Dmm.&^—*. ■ y V izmimT^^T yz/b ; 

150. ^mG-ps^mmnmrn-z, tt io^^d ^tt^^fc^ 
fstt-f-s <b, #»g p s^mm^mm^^-r^m-mm 1 5 0 \~tm<D3?m a 

15 2. ^itl^jMfiHi->^^A (sps) ^TO^e^w^:-t-5^feT'fco 
X : 

fifjfas P S^fM/O^bitf! £tb-5 SPS^ y±~^^(D7 ! —^<D^.7t°y^^:^-f- 

mm&, s p sm&^&mfrbmm&wjs p s^mmx^m-tz^vft ■ 

mm=c-#v? MLT, HufE^IfrS P s^ta^T^fBS P sfl^b©s 
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15 3. £"bf-. HUIB#«JS P S£flrttMC*j-*-3, S^rtOffiMKOV^^ 

ffflE^fr< itl oco Ky^7-fMI«:ttl LThuIES P S{f-5|-£3fiJ£f <5ffl 

15 2 tCsSfc^ife, 
15 4. * MfE^ftS P SfjfStttS, fiffrtODS P SfIiCOV^ 

X<£>'J>*£< loco Ky^7- buI2#Ki S P S S«t»t!i^*^fc-fe 

i 5 5. $ ^ Mis^ibs p ss^§«ii:is^s*i,-cflffa7 f --^flr«i*Mia«p 

*r-£trtf 15 2 tcSE«©^&„ 

156. aaSBUJMv**- ^tt#8(i, '>4< i t 1 S P Sf 

£feo 

15 7. MrtWS P Sf£|^^t^>/ < C< th 100 Wfftt, 

15 8. 99B»ftSPSSft*B:, ^«©^Sr^tf*kfcwai{HmPIISr*iJ^ 

15 9. flfIiJfi->^TA (SPS) g{facD^e<D^J^^^Si--5*-fe 
S P S^fM^b^f^tl-S SPS^ -y±— iftpCDf— #<D^tf S P S 
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16 0. iiufB^S P smML(DMl*. GP SSIfi^f iSSti^tffl^ 
15 9 lCsd.m<Djjfe 0 
16 1. $tm^Mmii'J?te< t h lo<D±/v . f-^ Mc^£*L5ft:£gC l 6 

16 2. ^b(c N mm&ms p sgftai-tg^ift&wftos p stitov^ 
t> ioo K*/^7- mn^mvxwims p s{f#£*iis-t-3it*:if 1 5 9^is 
163. $e>K\ M^-^^^Bfris^ifas p s^mm^mm-r^^^^ 

Sr-^tpf*^ 1 5 9 ^I2^co^-fe 0 

16 4. mjffi^iS^— ^W^fi, loos P Sfltov^t©^! 

^7ctt^5:MSr^-rx — ^cD'>/ji< £ lo^-^tfff^l 6 3^15^0^" 

16 5. Mrt©SPSfI(cov^^>/j;< it l 00 Ks'7 > 7- ft$6fi, 

166. $ ttris^ibs p s^mmfrhm&cDMum&z&m u tfris^ 

^-a-tftt^rg 15 9 ^f2i£07J& 0 

16 7. ffifa^-fe^. 4>&< i: h lo©t;i^ • Mc:^^£tL7cSi&JlF*|-i: 
?ffrtlZ>m#mi 6 6^fBicO^-?* 0 

16 8. S P Sffimfrt>&m£tlZ> SPS^ ^©f-^Wx^y^S: 

mfiL^xTJ* (SPS) 

16 9. mz&ms p ssititti^^, M^wfii^^T©^/^ t 



- 27 - 



JP 1999-513787 A5 2004.9.16 



loco Ky^7— «*SrftfflbXiJIBS P S{S*SrjfS£-t-Sfflf*g[l 6 8 f^fH 
17 0. iMMB*P*< tt> lo© Ky^7-tSli, WIBir/v^iift V-X^-Afc: 

±ot$t £*L3ff*gii e 9 KmmfD&mmUo 
i7i. (tm-fe/w^iifB^T^f^ awa»»s p ssflrai^iwiBs p sitf 

17 2. ll&1BfllS5*— ^WfRtt, < i 1 o© S P Sffilto^TCf I 

17 3. &#ft<£>S P SflJSl::ov^-C<0^fr< itl -oco Ky^7- ANSI*, 
17 4. HtjfE^lJjS P Stfl«tt, i&1BS^^*^tf**coSlliHE(|(ISriRI^ 

hfc2&te£*i«lt#9Cl 6 8 tt:fB4ft<z>£UUr$IK. 

17 5. WSMffiV^T 1 ^ (SPS) {f-^&^ffU SPSfli^ift^fl 

5 s p s§f^©f- #<D=^tfv? &mi£Tz>GP s&mmt ■, 
mtmms p ssflrif-cs p s *it3*H!o»»s p saflrai 

17 6. ffrf5Sift^(4s flf^"— ^tim&^U StrlBiiRf^ttSPSSmtK 

177. mmmw-yz-fffinft. m©sps*gi:o^to«ii, 
7 6 Huefc^aBfira^ifc 

17 8. fflfSaHftv'^X^ (SPS) fl^SrgftU SPSffil^?)lf|$tL 
5SPS^ s>ir— i?tp<D7*~- ?<D^.7$ry?&W\fe-tZ>GP S^mmt ; 

Huta^ifis p s^ffti<p-cs p sf-f^iit^idi©fisp sgfu^t 
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179. mriBot^y^tt, «nE^»spssflr«i©«#rtii:fcSiP'3&<fct>i 
^n^tt^s 152 izmm<vjjfe 0 

18 1. ffJfS^/Ks/^fi, MIH^SiS P Sg^<7}m#ftf-fc<5'>&< t 1 
ocDS P Smmz.^^X<D-h<DX~&Z>n$^l 5 9 fCfEgt^fc 

18 2. «*©«iBUe««:¥l|£U mIIE^(Z)^£g^irS<5v^Tifr 

fB#» S P S SII«©et^^J^t5^ry 7 s 
«r-£trt»#39C 15 9 KlSfc^ife, 

18 3. tfriE^^^^tt, Huis^i&s p ssfs«iroffiifrtfc4>s^*< tti 

18 4. ttifs^uis p summit, imsmmmtttsm&<om&wm&n , & 
18 5. HtifSGP s^mm\-i, mw.mmm^tt^x^m\z.&w.~tz>nik-m.i 1 

1 8 6. »ttGPSS^t»«f»0««H8fi|S4-«jE-r5^r«fe-e*>o"C : 

> 



- 29 - 



JP 1999-513787 A5 2004. 9. 16 



18 6 tCfg^O^-jfeo 

18 8. Hoie^M^— ^watt, HtffE^ibGP sf{iitois#rt(cfc5ito 

«S©«MW«*^tft»#S l 8 7 IcfBifeco^fe 

18 9. HfjfE^S^-^fifgfi. «Stf>^:»&«?-^-*3r&tp»3fcgci 8 

19 0. HulBM-ff y >-yfi, MJjfa^<— i?* - V ^?, ir/wy®§gy >-y s 

191. itmmm v ^y &*ftjH»a«tt#^&5t»#3U 8 7 iche*^*- 

192. mfc$mM&nm&m-i. tefsn • y\ mmk* - «- 

194. iitriE»»GPssflr«wc» mm&WiGp s&mmvmftmz&zffim 

6 (HfBic^fe 
19 5. GP S-ft-f-SrS-B-TSIff 1 ©Tyfti: ; 

ifjfBG p sm^zm 1 2 o»&sfc^*i-5fc»ic^3iw» 
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*<z>««3Sfi:S:»ffl£i-*Jt4!iE#S:fl|^5lt*g[l 9 5 dfEfcO^SjG P S^{g$| 0 
19 7. ffifEAFCSSgfi. HUl5^2(7)r^-^^^^n/c^{s^^^^ 

19 8. tuis^ 2(DT^T-n^^^ti, mmM2(DT^T-r^hm 
199. wriaflfffiT 5 — ^**w:, huIs^Kjgp sffii©ifrttfc5ii© 

Ky^— «««r-^tfl»*3j(l 9 8 ^fS3£<D#I&G P S ^mm o 
2 0 0. jtuiH^S^— mffBGP S£fi*ofc#rtfc:fca*{»rtf>ajfi 

o 

2 0 1. ftlfSltrm^-^ttmfi, *S©^3:»Sr*-r7*— ^Sr^tf»*3Sl 9 

8 iciB«©3gmiG p s&mm, 

m» gps m***s»-f - * » i-ne^ $ n s * ^ ^ ^° £ 
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204. namr-fm^n, mm.^^m^m-rv'-^^t^ms.^-^mn 

Sr^trft *^ 2 0 2 ^ISifeco^feo 

205. ffrlBx— *flrs-f± % Hufe^KG p s^tmcDis^fcfcs^sco 

206. ^itG p s^t^-CHffia^ftGp ssf»»tt»ojs«i5*iK*Sr«iE-r« 

1 SWf f Ol 1 ©Mi ; 

tuis^i co^i, flsM7*— 2 feasts m^mmmmmn 

m&mmitmmG p s 5 £ tiz&mm t 

2 0 7. MfHW^^jiraft#fi. mmGP sm-^cDm^mtmn^^m^ 

SMI COR&&&ff-t&M#Jg. 2 0 6 {C|E^OS±fi^o 

2 0 8. mmm^-rmmfe, m^mop s^mm<o^^ic^^m^<D 
«miesi&g p ssit«^ <Dmm&mmmmm^<$r-rzm&*M2 o 6 ^ismo 

2 10. iiufB^n -frying MfE^KjG P S£ff*©ftJ^fc:fcs:K#©«fi 

52 i o i^mm<Dmmm 0 

ft*5 2 10 (c|E«c(^S±-tfeM 0 
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l»«Sr^-tpS»*5i 2 0 6 tEt<DllI 0 
2 14. ^»GPSS<3«lT?»fflS*lR»flr*Sr*«>5^'feT?feoX : 

2 14 tC|B«C0^fe o 

216. mtmm.T'-?ffimte. «rtB^»GPssflr«<o«jn#atc&«»»o 

2 17. ffilEflFS^— *flf«f±, *£r*iri»3fc*2 1 

5 t£f2^c<^£fe 0 

218. stifgii^f y ^-r • y ir/^^misyv^, 

2 19. BufHfffifSy ^J^^iijf^#:-e^^ff^2 1 5{cf2«o^- 

2 2 1. £btc, GPST^^-7-^ilCTSff LfcGPSfS#&3i«$i*r5;* 
2 2 2. ££>f^ Wffi36W-*«r'Ceffl-f-*ll&flB^7 i y^'f±, GPSTym 
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2 2 3. GPS|f^ftt5ll©7yrti ; 

tuiE^^ i^ms- z mm g p s ft ^m^-r z> <d £ ti z> m mmmm 

m^m-^r^mm^-^, mmm2(DT>^-f-iz^^n±&mmmmmm (afc 
) 

223 (ctE^to^sbG p s ^mm 0 
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